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SUMMARY 


This report describes the design of a low tip speed, moderate pressure rise fan stage for demonstration of 
noise reduction concepts. The fan rotor is a fixed-pitch configuration delivering a design pressure ratio of 
1.378 at a specific flow of 43.1 Ibm/sec/ ft2. Four exit stator configurations were provided to demonstrate 
the effectiveness of circumferential and axial sweep in reducing rotor-stator interaction tone noise. The 
fan stage design was combined with an axisymmetric inlet, conical convergent nozzle, and nacelle to form 
a powered fan-nacelle subscale model. This model has a 22-inch cylindrical flow path and employs a ro- 
tor with a 0.30 hub-to-tip radius ratio. The design is fully compatible with an existing NASA force bal- 
ance and rig drive system. 


The stage aerodynamic and structural design 1s described in detail. Three-dimensional (3-D) computa- 
tional fluid dynamics (CFD) tools were used to define optimum airfoil sections for both the rotor and 
stators. A fan tone noise predictive system developed by Pratt & Whitney under contract to NASA was 
used to determine the acoustic characteristics of the various stator configurations. Parameters varied in- 
cluded rotor-to-stator spacing and vane leading edge sweep. The structural analysis of the rotor and sta- 
tor are described herein. An integral blade and disk configuration was selected for the rotor. Analysis 
confirmed adequate low cycle fatigue life, vibratory endurance strength, and aeroelastic suitability. A 
unique load carrying stator arrangement was selected to minimize generation of tonal noise due to 
sources other than rotor-stator interaction. Analysis of all static structural components demonstrated 
adequate strength, fatigue life, and vibratory characteristics. 


1.0 INTRODUCTION 


Since the late 1960s, there has been a continuous effort to lower community noise levels resulting from 
aircraft terminal operations. Current high bypass ratio engine technology is sufficient to allow certifica- 
tion of aircraft to Stage 3 of Federal Aviation Regulation (FAR) Part 36. As part of the natural evolution- 
ary process, consideration of a reduced certification level is underway. In order to accommodate a 
growth plan, major reductions in propulsion system generated noise will be required for new aircraft / 
engine combinations to be certified to this more stringent noise standard. Under Task 5 of contract NAS3- 
25950, Allison Engine Company studied the engine component noise reductions required to produce a 
propulsion system for a twin engine aircraft producing certification levels 10 decibels (dB). below the cur- 
rent FAR 36 Stage 3 requirement. Early results of this study indicated a strong acoustic advantage in 
moving from a conventional six bypass ratio turbofan cycle to an ultrahigh bypass ratio cycle employing a 
low pressure ratio, low tip speed fan. However, cycle changes alone were not sufficient to produce flyo- 
ver levels 10 dB below stage 3. Additional reductions required identification of innovative strategies for 
lowering the strength of dominant noise sources. Flyover time histories of perceived noise level produced 
under this contract indicated the predominant noise source was the fan during both the takeoff and ap- 
proach segments of flight. Noise reduction studies based on this result identified bypass vane sweep as a 
potentially effective approach for reducing the pure tone portion of the fan noise field. Based on the re- 
sults of these studies, a fan rig test program was proposed to the National Aeronautics and Space Ad- 
ministration (NASA) to demonstrate this concept. As a result of this proposal, a 22-inch diameter single- 
stage fan demonstrator has been designed. This report documents the aerodynamic and structural design 
of this stage. 


2.0 RIG DESIGN FEATURES 


The rig mechanical arrangement evolved from a set of requirements developed to meet the program 
technical objectives and to satisfy facility and operational needs. Specifically these requirements were: 


- the rig must be compatible with existing NASA drive system 

« no flow-path obstructions except rotor and stator allowable 

¢ provisions must be made for multiple vane configurations 

e vane configurational changes must be accomplished in the wind tunnel and not require removal of 
fan rotor 


The final configuration, shown in Figure 1 , meets all design objectives and is fully compatible with the 
NASA drive rig. Based on acoustic analysis, four vane configurations will be tested. Removal of addi- 
tional flow-path obstructions was required to isolate, as fully as possible, the acoustic impact of the vane 
geometry changes. As a result of this requirement, the stator must carry not only its normal aerodynamic 
loads, but also any nacelle generated loads. To accomplish this and allow vane changes without fan rotor 
removal, the vanes have been designed as a segmented ring with the airfoils providing a load path be- 
tween flange rings on the inner and outer diameters. Loads are passed from the vane ring to a backbone 
support though a single shear pin and three radial fasteners in each segment. All outer flow-path pieces 
aft of the rotor are split axially to allow quick access to the vane fasteners for removal. Multiple attach- 
ment planes are provided to accommodate the four vane configurations to be tested. No provisions have 
been included for either a core rotor or a separate core flow stream. 
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3.0 AERODYNAMIC DESIGN 
3.1 FAN STAGE AERODYNAMIC DESIGN 
3.1.1 Baseline Stage Configuration And Vector Diagrams 


The aerodynamic design point for the fan stage, as established during cycle optimization studies con- 
ducted during Task 5, is: 

Tip Speed = 1000 ft/sec 

Stage Pressure Ratio = 1.362 

W 10/8 A = 43.1 lbm/sec/ft? 


As shown in Figure 2, the final engine configuration of Task 5 employed a booster stage on the fan shaft 
to provide the required supercharging for the core compressor. Early in the rig design, it was decided 
both the booster stage and the core flow bifurcation would be eliminated. This produced two benefits. 
The first was a significant reduction in mechanical complexity, resulting in reduced fabrication costs. The 
second was the removal of additional noise sources, allowing a clear identification of the acoustic benefit 
of vane geometry variations. Asa result of the very high bypass ratio cycle selected in the Task 5 engine 
study, a strong radial rotor exit total pressure gradient exists (Figure 3). This profile is also present in the 
rig design. The rig stage design pressure ratio was selected as the mass average of the 1.38 bypass and 
1.21 core pressure of the original engine design, allowing for some loss through the rig stator. A sche- 
matic cross section of the baseline rig configuration is shown in Figure 4. As can be seen, a cylindrical 
outer flow-path contour was maintained through the stator exit. The requisite area ruling through the 
stage is introduced through the hub flow path as an integral part of the blading design. Curvature was 
used into and through the stator to keep the relatively low momentum fluid coming from the rotor hub 
energized. The rotor-to-stator axial gap is consistent with current Allison fans. Coordinates for the flow 
path of the baseline configuration are presented in Table 1. 


The velocity vector diagrams were generated using the Allison axisymmetric streamline curvature design 
system. A listing for the aerodynamic design point is included in Appendix A. Some of the blade and 
vane inlet and exit profiles tabulated in Appendix A are plotted in Figures 5 and 6 Also shown are corre- 
sponding profiles from the NASA Stage 53 fan. The comparison is useful since the general character of 
the flow field through the two fans is similar. The NASA Stage 53 fan was designed for the same rotor 
pressure ratio and tip speed, it did not quite pump to design intent, hence, the profiles measured at de- 
sign flow are shown in addition to those that represent design intent. The low noise fan (LNF) rotor is 
designed for a pressure profile of even greater skew and for higher throughflow velocities than found in 
the NASA Stage 53 fan. The rotor inlet is also set for a higher specific flow and lower inlet radius ratio 
(0.30). As a result, the inlet relative Mach number at the tip for the LNF is higher, 1.143, even though tip 
speeds are the same. Greater turning is required across the LNF blade tip but the blade is overall more 
lightly loaded. 


Velocities at stator inlet, although subsonic, are relatively high toward the outer diameter due to the pres- 
sure profile from the rotor and the absence of a splitter. This, together with the thicknesses and camber 
required of these vane sections, made it impossible to design an entirely shock-free stator. Stator loading 
was reduced and performance enhanced by allowing closure of the discharge annulus to a Mach number 
of 0.59 (including blockage). The turning required through the baseline vane row 1s thus considerably 
less than was required through the NASA 53 fan stator. 


3.1.2 Blade Design 


The fan blade was designed as if destined for a commercial fan application to ensure as much realism was 
incorporated in its geometry as possible. The ultrahigh bypass ratio engine preliminary design cycle was 
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Figure 4. Baseline low noise fan schematic (meridional view). 


Table I. 
Flow-path coordinates for LNF B. 


Tip contour is a straigh line of radius 11.00000 in. 





HUB 
Z ane ea 

Spinner nose -5.7500 0.0000 
-5.5000 0.211325 
-5.0000 0.5000) — straight line 
-1.5000 2.520756 — segment+ 
-1.0000 2.8006 

Rotor LE 0.0000 3.300€ 
0.4000 3.4776 
1.0000 3.6706 
1.4000 3.7706 
1.8000 3.890€ stack axis = 1.5584 
2.2000 4.0400 

Rotor TE 3.2940 4.4330 
4.0000 4.6350 
5.0000 4.8450 
5.6000 4.9420 
5.8000 4.9750 
6.0000 4.9850 
7.0000 5.1200 

Stator LE 7.4120 9.1930 
7.8000 5.3000 
8.2000 5.4100 Stack axis = 8.2518 
8.6000 5.5500 

Stator TE 9.0930 5.6000 

10.0000 5.6000 — straight line 
11.0000 5.6000 — segment 
* R=mZ+b 
where: m = tan 30 deg 
B = 3.3867513 


ee 


assumed, including an 85% speed takeoff condition, so part-speed performance could be considered. 
Analytically, the blade demonstrates over 16% surge margin at design speed. Leading edge thickness 
(Figure 7) was selected consistent with current bird strike criteria. Tra:ling edge thickness was set equal 
to leading edge thickness everywhere except near the hub, where a blunter leading edge was employed to 
improve the hub inlet flow field. Blade chord varies linearly such that the tip is 45% longer than the hub. 
The spanwise distribution of maximum thickness-to-chord is also shovn and ranges from 2.75% at the tip 
to 9.42% at the hub. The locations of maximum thickness for each sect:on (not shown) were shifted from a 
uniform 50% chord to improve passage area qualities. Geometric prorerties are tabulated in Appendix A. 
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Figure 5. Low noise fan rotor design point profiles (1 of 2). 
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Figure 5. Low noise fan rotor design point profiles (2 of 2). 
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Figure 6. Low noise fan baseline stator design point profiles (1 of 2). 
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Figure 6. Low noise fan baseline stator design poir t profiles (2 of 2). 
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Preliminary design of the blading was carried out assuming multiple-circular-arc (MCA) airfoil sections. 
Given the low tip speed of this fan, an MCA blade was acceptable for studying the effects of changes in 
aspect ratio, maximum thickness, and spanwise chord distributions on surge margin and mechanical in- 
tegrity. The final blade is made up of sections of aerodynamically-optimized meanlines with near- 
sinusoidal thickness distributions. Viscous computational analysis was used extensively to obtain the 
desired match of the blade passages with the design intent flow field. The transonic sections were tal- 
lored for the design speed shock structure permitting the largest excursion in flow range to stall with ac- 
ceptable performance. 


The spanwise distribution of incidence angles to which the blade sections were set, shown as the solid line 
in Figure 8 evolved from several considerations. One was the decision to design to relatively tight throats 
(3.5% throat margin) to favor operating line performance. In the portion of the blade with supersonic in- 
let relative flow, another consideration was to observe the first captured Mach wave rule. This 1s a rule- 
of-thumb setting a critical incidence off the suction surface at a point halfway between the leading edge 
and the point of emanation of the first captured Mach wave to a minimum of 1.5 degrees, to ensure flow- 
handling capability. A third consideration involved the meanlines of all sections which were carefully 
shaped to produce acceptable surface Mach number distributions devoid of local peaks or spikes. This 
could be done over the outer half of the blade only by straightening the meanlines forward of the throat 
locations and forcing the bulk of the turning aft (Figure 9). Where possible, the subsonic sections were 
tailored for shock-free (design point) operation. Optimum chordwise loading distributions were achieved 
by keeping meanline curvature well forward and closing the leading edge. All this led to incidences con- 
siderably smaller than employed in the design of the NASA Stage 53 rotor. 


The predicted surface distributions of isentropic Mach number and associated passage Mach number 
contours for the near-tip, pitch, and near-hub sections of the blade are shown in Figures 10, 11, and 12. 
The near-tip section was fashioned to produce a single, oblique shock pulled well back into the passage 
and impinging on the suction surface just ahead of the region of greatest curvature. The suction surface 
Mach number rises smoothly to a peak of about 1.35. The pitch section, shown in Figure 11, was shaped 
to operate shock free. Maximum thickness was brought forward to the mouth and curvature was dis- 
tributed over a larger portion of the section to flatten the forward portion of the suction surface velocity 
distribution. 


Area-ruling of the hub flow path was an integral part of the design of the near-hub sections. Due to 
thickness, the hub was found to be quite insensitive to incidence and local meanline changes. Modifica- 
tion of the hub flow path improved the loading distributions. The intent was to force the section loading 
forward without allowing the hub to overpump (due to greatly increased camber). Several iterations 
were required, with the final outcome shown in Figure 12. 


The rotor deviation angles, shown in Figure 8 were set by augmenting calculated NASA 2-D rule devia- 
tions with the empirically-estimated corrections plotted in Figure 13. These corrections have been estab- 
lished through comparisons of computational and measured results from other Allison compressor 
stages, as well as published reports. The computational results suggest, for the deviation distribution 
chosen, there is sufficient camber in the blading to produce the desired pressure profile. The velocity 
vectors for the near-tip, pitch, and near-hub sections reveal a healthy flow field with no trace of incipient 
separation (Figure 14). 


The static or manufactured blade geometry producing the desired blade shape at design speed was de- 
termined by subtracting the predicted deflection of the blade due to centrifugal and aerodynamic loading 
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Figure 7. Rotor blade geometric parameters. 
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Figure 8. Incidence and deviation angles (degrees). 


applied at the design point. These deflections were determined using an Allison proprietary finite ele- 
ment structural analysis procedure. Airfoil sections are defined on planes normal to the stack axis. The 
stack axis is a radial line passing through the center of gravity of each conical section. The leading edge 
shapes are elliptical. The blading opens with speed by as much as 2 deg in stagger at the tip, due mostly 
to flexibility of the leading edge. Associated with this movement in the blade-to-blade view, which 
clearly affects flow handling and pumping capacity, is the radial growth of the tip, with its consequences 
on clearance effects. 


3.1.3 Baseline Fan Vane Design 


A view of the baseline stator design, fan configuration No. 1 (FC1), is shown in Figure 14. Unlike the ro- 
tor, the stators are unique to the 22-in. NASA rig vehicle because none could be directly scaled-up for use 
in a high bypass turbofan. In an engine, separate stator assemblies would be required for the bypass and 
core flow streams. Neither of these assemblies would necessarily reproduce a section of the rig stators, 
due to the presence of the flow splitter. Nevertheless, the stators are crucial components of the rig tests. 
The baseline stator must deliver the same performance and allow no more noise in the acoustic test vehi- 
cle than would the bypass stator in a representative commercial turbofan. 


The dominant feature of the stator flow field is its nonuniform, high-velocity inlet (Figure 6). The baseline 
stator is relatively lightly loaded and does not have to affect a large amount of turning, so the emphasis 
during its design was on minimizing total pressure loss. Asa result, the vane design process primarily 
involved the selection of an incidence distribution. For any given incidence, neither meanline shape, 
maximum thickness, nor section thickness distribution had any appreciable effect on performance. There- 
fore, simple double circular arc sections with maximum thickness located just forward of mid-chord were 
employed. 
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Figure 9. Blade near-tip Mach number distribution. 
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Figure 10. Blade pitch section Mach number distribution. 
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Figure 11. Blade near-hub Mach number distribution. 
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Figure 12. Empirical modifications to the rotor deviation profile. 
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Figure 14. Baseline vane arrangement. 


A wide range of incidence levels were examined in an effort to optimize velocity distributions about the 
vane sections and to minimize suction surface velocity peaks, but it became apparent there were basically 
only two solutions. These solutions are represented in Figure 15 by the "A" and "B" incidence distribu- 
tions. The leading edge (at design flow) could either be A) optimally aligned with or set closed relative to 
the incoming flow, which invariably produced supersonic velocities over the forward third of the outer 
sections or B) set open relative to the incoming flow to produce velocity distributions with reduced trail- 
ing edge loading. All attempts to combine the two types radially forced the outer sections toward "A"- 
type distributions. 


A"B"-type design was finally chosen for FC1. The design offered reduced suction surface Mach number 
peaks in exchange for increased leading edge loading. It was felt the more open leading edges would not 
be a liability in this stage, given the large axial gap between the rotor and stator. Deviation was reduced 
for the "B"-type vane, as shown in Figure 15, while throats were not excessive. The deviation angle profile 
was adjusted to remove all swirl as would be required of a bypass stator. 


The surface isentropic Mach number distributions and associated passage Mach number contours are 
shown in Figures 16, 17, and 18 for the near outer diameter, pitch, and near inner diameter "B" vane sec- 
tions. The inner diameter flow path was contoured through the vane, as it was through the blade, to help 
balance the loading distributions of the near-hub sections. 


The mechanical properties of the baseline vane are tabulated in Appendix A. These properties were re- 


tained in designing the alternative vanes. Most have constant spanwise distributions; e.g. maximum. 
thickness-to-chord is 5% and chord is 1.81 in. 
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Figure 15. Baseline stator incidence, deviation, and throat margin. 
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Figure 16. Baseline stator near-tip Mach number distribution. 
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Figure 17. Baseline stator midspan Mach nurnber distribution. 
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Figure 18. Baseline stator near-hub Mach number distribution. 
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3.1.4 Fan Stage Analysis 
3.1.4.1 Predicted Map 


The predicted 100% and 85% speedline characteristics for the low n.dise fan (LNF) rotor are a composite of 
analytical and empirical considerations (Figure 19). The shaded circles in the figure represent analysis 
results at various backpressures for 100% and 85% corrected speed. No attempt was made to include the 
untwist characteristics of the blade with speed or throttling. To moiel the indicated aerodynamic design 
point, the code was run to an “equivalent” design point just over 1% higher in flow and pressure ratio. 
This was done in light of prior experience with the code to be explained in section 3.1.4.2 below. The 
background speedlines result from scaling the experimentally-derived map of the NASA Stage 53 rotor to 
the fan rotor design point and are included for reference to trends o;ly. The speedline scaled from the 
NASA 53 data roughly corresponds to the computationally predicted behavior of the current design. The 
design intent surge margin of 15% was obtained. The associated contours of predicted efficiency are also 
shown with the NASA Stage 53 rotor data, scaled for flow, in the background. These data were more dif- 
ficult to assess. The computational procedure, at least for high speed machines, typically predicts effi- 
ciencies 2 to 3 points higher than are actually attained; this has been assumed a function of computational 
limits preventing running the code with sufficiently dense grids to accurately reproduce profile drag due 
to skin friction. Therefore, the predicted efficiency has been modified to better fit the available data. In 
general, the modified efficiency follows the trends predicted by the code, but reduced at the design con- 
dition to correspond to the value obtained from the axisymmetric streamline curvature procedure. Addi- 
tionally, the rate of efficiency loss beyond the peak has been increased from the computational predictions 
to mirror the NASA Stage 53 data. 


3.1.4.2 Off-Design Performance 


The LNF rotor, though part of a research vehicle to be built for acoustics testing, was designed to stan- 
dards allowing it to be scaled-up directly for use in a large turbofan «ngine. For that reason, an effort was 
made to ensure the blade would also demonstrate good off-design performance. It was analyzed along 
the operating line, near stall, and at an unthrottled condition at both 100% and 85% speed. Figures 20 
through 27 show how the LNF rotor is expected to throttle at design speed. 


The changes occuring in the total pressure and loss profiles of the rotor with throttling are shown in Fig- 
ure 20. The long dashed line labeled "ADP-BD76" is the design inten: profile from the axisymmetric 
streamline curvature design code. The three other lines are the profil 2s predicted by the numerical solu- 


labeled "ADP-Dawes" was selected as the one to use for the detailed clesign of the blade. Here again, the 
analysis of the NASA Stage 53 rotor flow field proved useful. The differences between the BD76 and 
computational profiles for that machine were considered in establishing the LNF design profile. The un- 
throttled and near-stall pressure profiles indicate pumping at the hub (which would deliver the core flow 
in the turbofan) remains unchanged while the bypass portion of the blade, from 20% span to the tip, 
throttles proportionately with radius. Losses increase with throttling in a consistent manner except, curi- 
ously, at the near-tip near stall where they apparently decrease. The changes in throughflow velocities 
are reflected in the profiles of inlet relative Mach number and air angles (Figure 21). As the blade tip 
throttles, it maintains flow, while the fraction of flow through the hub decreases. The hub incidence in- 
creases 5-6 degrees while the tip increases only 2-3 degrees. The discl arge air angles remain little 
changed over virtually the entire blade span, another indication there is sufficient camber in the blade and 
the turning can be sustained without a breakdown in the flow field right up to stall. 


The predicted changes in surface Mach number distributions and passage Mach number contours for the 
near-tip, pitch, and near-hub sections with throttling are shown in Fig ares 22 through 27. Most noticeable 
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Figure 19. Predicted rotor-only performance map. 
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Figure 22. Effect of throttling on blade surface Mach numt er — near tip section. 
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Figure 23. Effect of throttling on blade passage Mach number — near-tip section. 
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Figure 24. Effect of throttling on blade surface Mach number — midspan section. 
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Figure 25. Effect of throttling on blade passage Mach number — midspan section. 


33 


isentropic Mach Number 


1.2 
1.1 9.9% Span 


1.0 
oe Unthrottled 


SS Design Poin: 


\ 
0.8 F Pd 


to 


bay 
= 
= —_ 
= — 
™= = eo op —— 


0.4Fr-7 


0.3 


0.2 ee ee ee | 
0 


0.2 0.4 0.6 0.8 1.0 
Blade M/Mo TE96-1039-2 


Figure 26. Effect of throttling on blade surface Mach numer — near-hub section. 
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Figure 27. Effect of throttling on blade passage Mach number — near-hub section. 
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is the movement of the shock near the tip. It migrates from within the passage, as an over-expansion 
normal shock (probably a reflection from the suction surface of a very weak leading edge oblique shock) 
to a strong, started oblique leading edge shock to an unstarted, though still stable, normal position to a 
final, (not shown) unstable interaction with the pressure side bow waves from the neighboring blade. It is 
the ability of 3-D codes to reproduce shock system geometries and rveal the effects on performance of 
shock structures that make them such powerful design tools. Note the problem of suction side peakiness, 
discussed earlier, cannot be avoided in the unthrottled condition. T:1e shock is far enough aft that it im- 
pinges on the blade in the region of greatest curvature. A vestige of the near-tip flow field can still be 
seen in the pitch passages, though it was possible to design the pitck. section for shock-free operation at 
the design point. The hub experiences the largest change in flow level and not surprisingly, becomes the 
pinch point with decreasing backpressure. The surface Mach numb=r distributions illustrate the rationale 
for the selection of incidences discussed earlier. The progression frcm negative to design to larger inci- 
dences with throttling is apparent. 


Once a blade shape acceptable at design speed was defined, it was analyzed at 85% speed, which was 
defined as takeoff speed in the ultrahigh bypass engine cycle. At th:s speed, the blade tip inlet runs to just 
under Mach 1.0. Obviously, the nominal operating line condition at this speed is particularly important 
from a noise production standpoint. The surface Mach number distributions and passage Mach number 
contours predicted for the near-tip, pitch, and near-hub sections at the takeoff point are shown in Figures 
28, 29, and 30. Notably, even the outermost section operates shock free. 


Incidence levels are uniformly higher than at design speed. The neer-tip and pitch sections also exhibit a 
pronounced reacceleration bump in their suction surface Mach number distributions. This is produced by 
the large local curvature in each section, discussed earlier, that is in :urn one consequence of designing to 
relatively tight throat margins. 


3.1.5 Additional Vane Designs 


The NASA test plan calls for the acoustic evaluation of four distinct configurations. Each is characterized 
by a different stator; the rotor design described earlier is common tc all. The baseline fan includes the 
radial vane already described. The second configuration of the fan, designated FC2 and shown in Figure 
1b, results from repositioning the baseline stator further downstrearn and increases the rotor-to-stator ax- 
ial gap. Although the vanes are placed in a slightly different flow fizld, as modeled in Appendix B, the 
stator assembly itself remains unchanged. The third and fourth fan configurations, however, necessitated 
the design of two new stator vanes and associated flow-path modifications. For fan configuration No. 3 
(FC3) the stator of the baseline fan is replaced with a vane whose leading edge lies at a 30 degree angle 
from vertical. The fourth fan, FC4, replaces this stator with another made up of vanes that are both swept 
and leaned. These latter two stator designs are described below. 


3.1.5.1 Axially Swept Vane Design 


From an acoustic study conducted by NASA, it was determined that among a candidate set of purely 
swept shapes, a vane swept 30 degrees aft offered the best potential for noise reduction. A stator with 
this amount of sweep was designed so the radial vane stator of FC1 could be replaced, requiring only one 
additional spoolpiece to recomplete the outer casing. That the extra spoolpiece was required in any case 
proved fortuitous since it was found during design of the swept vane that the outer flow path could not 
be kept of constant radius. A meridional view of the swept vane fan, FC3, is shown in Figure 1c. Not 
only is the vane highly swept but the casing forward of and throug): the vane includes a substantial 
bulge. The incorporations of sweep so increased throughflow velocities that changes in airfoil sections 
alone were not enough to produce satisfactory outboard vane passe ge designs; careful area-ruling of the 
flow-path annulus had to be considered at the same time. Several casing and hub wall contours were 
analyzed to optimize the final flow-path geometry. 
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Figure 28. Rotor blade Mach number distribution at simulated takeoff speed — near-tip section. 
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Figure 29. Rotor blade Mach number distribution at simulated takeoff speed — midspan section. 
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Figure 30. Rotor blade Mach number distribution at simulated takeoff speed — near-hub section. 
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The design objective was a swept stator with the same kind of veloc:ty distributions over the vane sur- 
faces as were obtained with the baseline vane. All of the physical properties of the baseline vane, i.e. 
maximum and edge thicknesses, chord, location of maximum thickness, etc, were preserved in both this 
and the following swept vane designs. Double circular arc sections ‘were employed as before although, 
due to the sweep, deviation angles increased. Since the outer diame-er bulge not only reduced the level 
but also flattened the shape of the throughflow velocity profile, incidences were adjusted accordingly. 
Profiles of these parameters are shown in Figure 31 compared with those for the radial vane, at the respec- 
tive vane edges. The surface isentropic Mach number distributions and associated passage Mach number 
contours are shown in Figures 32, 33, and 34 for the near-tip, midspan, and near-hub sections shown for 
the baseline vane. A listing detailing FC3 conditions at the aerodynamic design point is included in Ap- 
pendix C. 


3.1.5.2 Swept and tangentially Tilted Vane Design 


The NASA acoustic study referred to previously indicates a potentia’ for further noise reduction by add- 
ing lean (tangential tilt) toa swept vane. The study suggests a vane leaned 30 degrees suction-side down 
(toward the I.D.) with the lean, like the sweep, incorporated so the vane edges remain straight (viewed 
along engine centerline) offers the largest benefit. The FC4 vane was designed for this degree of stack 
axis lean. The final geometry is shown in Figure 1d. Noticeably absent is the large bulge in the O.D. flow 
path required in FC3. Referring to Figure 35, it can be observed that vane lean increases the flow block- 
age, producing a proportional increase in throughflow velocity, but tends to reduce the migration of flow 
toward the outer flow path compared to the simple swept design. Ag a result, flow-path contouring up- 
stream of the leading edge is not required. Deviation shows a strong sensitivity to loading. In the out- 
board sections, increased loading produces an increase in inlet-to-dis. charge velocity ratio; as a result, de- 
viation angle increases. For the inboard sections, increased loading rvsults in a decrease in section veloc- 
ity ratio; as a result, the deviation angle decreases. 


As for FC3, the design objective for the swept and leaned vane was to reproduce velocity distributions 
over its surfaces as much like those obtained for the radial vane as possible. Section incidences were 
adapted to help achieve this. The resultant distributions for the usual three sample sections are shown in 
Figures 36, 37, and 38. A listing detailing FC4 conditions at the aerodynamic design point is included in 
Appendix D. 


3.2 NACELLE AERODYNAMIC DESIGN 


This nacelle design was developed to meet the basic operational requirements of an isolated nacelle con- 
figuration for subsonic/transonic application having an advanced tur ofan inlet and a separate flow ex- 
haust system. Since the test vehicle includes no provisions for a separate core flowstream, the primary or 
core nozzle was truncated and replaced by the propulsion rig metering strut housing the powered drive. 
Thus, the inlet flow equals the fan nozzle exit flow, unlike a turbofan flight nacelle where the inlet flow 
splits into the fan and the core flow and exits separately from the two exhaust nozzles. 


3.2.1. Inlet Aerodynamic Requirements 

Inlet Dimensions 

Both inlet and exhaust systems are sized for maximum inlet corrected flow of 102.78 lb. At this flow rate, 
the inlet throat area is designed for maximum average Mach number ét the throat (M¢p); to be equal to or 


below 0.75. At this flow condition, the fan operates at maximum specific flow of 43.5 Ib/ft?. This value is 
consistent with current Allison Engine Company fan design criteria. 
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Figure 32. Swept vane design point Mach number dis} 
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Figure 33. Swept vane design point Mach number distributions — midspan section. 
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Figure 34. Swept vane design point Mach number distribut‘ons — near-hub section. 


44 


SPOT-96H.L 





890 


‘saptyoid 
Jaquinu yey] pur ‘UIZIeur BOTY] ‘UOTJeTAap ‘aoUaploul juid uSisap auea pauval/idams ‘Ge ain3ty 


UISIVJA, OIL UONeIAIG doUapIoU] 





JOQUINN YOR UXY JaquUINN, yor] I9[U] 
¥9'°0 09°0 99°0 290 8P'0 ro 08°0 9L'0 oL0 89'0 ¥9'0 09'0 
[oe ie on ON ee I oe ek, 
euljeseg ------- 33 ‘A 





pouveT/jdansg 











45 


Isentropic Mach Number 





\ ; 94.9% Span 


Relative Mach Number 


alt 
a 
. 
0.9 & ae 
0.8 7” 
0. a 
- 
wl 
0.7 
0.6 
at fe w 
2 
0.5 


If 


ane ee 


r Bh = 2 
a 


VALUES 

1 = .Q00E+00 
> « .443E-01 
3 = .88S$E-01 
4 e .133 

5 -= .177 

6 mw .221 

7 «', 266 

& xe .310 

9 «= .354 

10 = .398 

1] m , 443 

12 = . 487 - 
73 = . $31 

14 = . 375 

[S$ = ,6290 

16 = . 664 

17 = .708 

18 = .7$2 

19 = .797 

20 = .8$41 

21 = .885 

22 = .929 

23 = 1.974 

24 = 1.02 | 
25 = 1.06 


a 
le Fe ee a oe | 


0 0.2 0.4 0.6 0.8 


Fraction of chord 


1.0 


Figure 36. Swept/leaned vane design point flowfield — near-tip section. 
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Figure 37. Swept/leaned vane design point flowfield — midspan section. 
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Figure 38. Swept/leaned vane design point flowfield — near-hub section. 
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Low Speed Requirements 


This inlet is required to operate at maximum takeoff flow without internal flow separation for up to 20 
degrees angle of attack (AOA) and at free stream Mach numbers ranging from 0 to 0.25, which are typical 
of levels encountered during aircraft terminal operations. No external inlet separation requirements have 
been considered; however, it is presumed in case of engine out or shut down, the nacelle forebody cowl 
will not separate at climbing speeds with AOA below 15 degrees. No crosswind and ground operational 
requirements have been considered either. For simplicity, an axisymmetric nacelle design with zero inlet 
droop angle is assumed adequate for this application. 


High Speed Requirements 


The design cruise Mach number will equal 0.80. At the design cruise Mach number the fore and aft na- 
celle cowl contours are designed for minimal spillage and wave drag. Normally the engine nacelle is de- 
signed to have minimal total drag for a range of cruise Mach numbers, since the corresponding aircraft 
may be required to operate at different altitudes and flight Mach numbers. Generally, it 1s desirable to 
have a nacelle design so its overall drag remains constant or close to the design goal for flight Mach num- 
bers at least 5-10% above the design cruise Mach value. This upper limit of Mach number is called the 
drag divergence Mach number (Mgq). For this design, Mqq is fixed at 0.86. 


Other Constraints (Geometrical) 


The nacelle aft cowl is designed to match the NASA propulsion simulator ducted prop drive rig. This 
requirement essentially sizes the overall test model dimensions, establishes the fan cowl and the core cowl 
boattail angles, and also locates the truncation point of the core cow] near the simulator metric station. 
The nacelle internal flow lines are constrained by the Allison wide chord fan design with a tip diameter of 
22.0 in. 


Since the model inlet flow and the fan duct flow are the same, the fan nozzle exit area is also sized to pass 
the maximum inlet corrected flow. Compared to the corresponding flight worthy nacelle, the fan nozzle 
is slightly larger than a scaled-up realistic fan nozzle design. The fan nozzle discharge coefficient (Cd) is 
assumed to be 0.984 (same value was used in the corresponding engine cycle) for choked flow nozzle 
conditions. No additional fan duct pressure loss has been included. 


Initially, two different inlet/nacelle designs were developed to evaluate and compare the overall nacelle 
size required to incorporate various noise suppression linings. Figure 39 compares the nacelle aerolines 
for these configurations; however, due to program time and funding limitations, a single design with a 
compact inlet and diffuser length having (L) inlet /Dff of 0.50 was selected as a baseline nacelle configu- 
ration. The selected design provides adequate surface area, or space, for advanced acoustic treatments 
both in the inlet /diffuser region and in the fan duct. The duct and cowl lengths are sufficient, when 
scaled to the reference engine size, to accommodate an advanced thrust reverser design. The geometrical 
characteristics of the baseline nacelle are presented in Figure 40. The extra-long fan duct provides enough 
space to conduct tests with alternate OGV strut designs involving a set of sweep angles and varied axial 
lengths between fan trailing edge (TE) and leading edge of the OGVs. The fan and the core cow] contours 
have been designed to meet the above requirements with the external boattail angles of 10.8 and 8.8 de- 
grees, respectively, consistent with wing mounted nacelles configured for low boattail pressure drag and 
with reduced nacelle/wing interference drag. 


3.2.2 Aeroline Development 
The inlet /nacelle contours have been generated using an Allison proprietary geometry code. This en- 


abled an efficient, smooth flow path to be generated for enveloping engine hard points as well as main- 
taining the desired geometrical characteristics. NASA provided the attachment hard points on the 
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simulator flow path to maintain surface continuity between nacelle aft fairings and the drive shaft. Ana- 
lytical or empirical 1-D techniques were used to provide preliminary performance projections prior to 
conducting a detailed CFD flow analysis. Figure 40 illustrates the nacelle aerolines along with important 
dimensions. 


3.2.3 CFD Analysis 


Inlet flow-field predictions using PMARC, a panel method code, were obtained to confirm the aerody- 
namic characteristics of the nacelle design. Figure 41 presents the baseline nacelle configuration analyzed, 
showing surface panels. Three flight conditions were analyzed usir'g PMARC. These conditions are criti- 
cal to the inlet design for engine operability and maximum cruise operation, and are as follows: 


(1) Ming = 0.2, AOA - 20 deg, Weorr = 102.78 lb 
(2) Ming = 0.8, AOA = 0.0 deg, Weorr = 102.78 Ib 
(3) Ming = 0.0. AOA = deg, Weorr = 104.5 Ib 


The analysis was conducted at several other conditions to calibrate the flow solution and the aerodynamic 
load calculation methods. Since this nacelle design will only be tested at low-speed conditions, condition 
(1) was used for the detail inlet/nacelle analyses. Typical surface flow distributions for the above condi- 
tions are enclosed in Figures 41, 42, and 43. Boundary layer analysis (Figure 44) was conducted using 
PMARC pressure distributions to provide surface skin friction Cf distribution on the inlet and nacelle to 
verify a separation-free flow. | 


3.2.4 Aerodynamic Loads 


The pressure distribution obtained from the PMARC analysis at angle of attack was integrated over the 
nacelle length to obtain the resultant load and moment on the static structure due to operation at this 
condition. The results show both magnitude and point of applicaticn (fan face = 0.0) (Table I). These 
results were combined with the standard aerodynamic loads generated on the vane airfoils from deswirl- 
ing of the fan rotor exit flow to determine the structural integrity of he static structure. 
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Figure 41. PMARC panels. 
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4.0 STRUCTURAL DESIGN 
4.1 ROTATING COMPONENTS 


The fan rotor assembly is composed of three primary components, an integral bladed disk (blisk) consist- 
ing of 18 airfoils and a hub; a spinner; and a torque sleeve. The blisk and torque sleeve are assembled to 
form a bolted assembly. The blisk is positioned radially on the torque sleeve at a pilot surface and re- 
tained through a bolted flange arrangement. Torque is transferred between the two components through 
a single shear pin. The spinner ‘5 threaded onto the forward portion of the torque sleeve to remove the 
need for attachment bolts and the associated access holes, which have produced additional tones in pre- 
vious NASA test programs. The torque sleeve attaches to the drive rig through a force balance. Assem- 
bly is by way of four cross keys that are integral to the torque sleeve and mate with matching slots in the 
force balance. A titanium alloy, AMS 4928 in the solution treated and annealed state, was selected for the 
blisk and spinner due to its high strength to density ratio. Stainless steel, AMS 5659, was selected for the 
torque sleeve to meet the strength and life requirements of the cross keys. 


4.1.1 Stress and Deflection Analysis 


Structural assessment criteria employed to evaluate the structural integrity of the rotating components 
followed standard Allison practice for nonflight applications. Specific areas evaluated included rupture 
(tensile failure) speeds for both the blade and disk, section average and local tensile yielding, creep, low 
cycle fatigue life, and deflection under combined aerodynamic and centrifugal loading. No analysis of 
bird ingestion damage was attempted, but fan blade geometric parameters (such as leading edge radius) 
were constrained to lie within current engine experience. 


All analysis was performed using the finite element method. A model of the blisk, torque sleeve, and 
spinner was generated for execution in the Allison proprietary finite element model (FEM) procedure, 
STRATA. Following Allison standard procedure, the analysis was conducted in two parts. A 2-D axi- 
symmetric analysis was performed on the disk, with the blade centrifugal loading applied as distributed 
tractions along the rim surface. The blade stresses were determined separately, with the airfoils repre- 
sented by a mesh of 8-node meanline shell elements. The airfoil is attached rigidly to a plate oriented at 
the flow-path convergence angle. Based on Allison experience, stress concentration effects in the fillet 
regions are not modeled directly. Instead, a stress concentration factor (k,) is applied to the analytical 
results in the row of nodes immediately outboard of the hub boundary nodes. Standard values for ky 
have been determined that yield an acceptable safety factor. 


The structural audit sheets presented in Tables I and III summarize the results of this analysis as com- 
pared to material limits. Material properties contained in these tables were obtained from an Allison pro- 
prietary data base and include a sufficient sample size to establish statistical variations. For design as- 
sessment, the material properties used are those corresponding to three standard deviations (-30) below 
the mean of the material data base. Figure 45 presents the material properties of the titanium alloy used 
in the blisk and spinner, while Figure 46 presents similar data for the stainless steel used for the torque 
sleeve. 


Airfoil, disk, spinner, and torque sleeve stresses were calculated at the design speed (Ng) of 10,400 rpm, 
including the appropriate aerodynamic loads. Complete results of the stress analysis, in the form of isos- 
tress contour plots, is presented in Appendix E. The results presented for the airfoil include the effects of 
offsetting the stacking axis axially and circumferentially to balance the loading across the hub cross sec- 
tion. To ensure structural integrity, stress levels averaged over an appropriate section were required to be 
less than 0.8 of the tensile yield strength. For the disk, averages were obtained for both radial and tan- 
gential stress in the web and radial stress only around the flange attachment holes. For the airfoil, an av- 
erage radial stress across the hub cross section was obtained. Results of the analysis indicate the maxt- 
mum average stress occurs in the airfoil hub. The predicted levels are very low compared to the 
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Figure 45. Material properties of Ti6-4 (AMS 4928). 
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allowable values for the materials selected, easily satisfying the criteria. Since the blisk and torque sleeve 
form a bolted assembly, the integrity of the assembly must also be ensured. An axial stress field exists 
across the blisk to torque sleeve flange that tends to open this joint. Flange fastener sizes and assembly 
torque levels were determined based on the predicted axial stress levels across the flange to ensure sepa- 
ration will not occur. Torque transfer between the blisk and torque sleeve is accomplished through a 
dowel pin. The cross section of this pin was sized to carry the full rotor torque load at the maximum 
steady-state operating conditions in shear without help from the flange bolts. 


The burst speed corresponds to the rotational speed at which either the airfoil or disk cross section is no 
longer able to support the centrifugal loading. Standard Allison design practice requires the burst speed 
be at least 25% above the maximum steady-state operating speed of the part. For this rig, the maximum 
operating speed has been defined as 105% of the design mechanical speed, or 10,920 rpm. Allison design 
criteria are intended to ensure tensile failure will occur first in the airfoil. For gas turbine disks with cross 
sections whose thickness varies radially, failure can occur as a result of either radial or tangential over- 
load. For an ideally ductile material, redistribution of the cross-sectional loading would occur, delaying 
failure until the full cross section reached the material ultimate strength. Asa result, the primary variable 
used in assessing disk tensile failure margin is the average stress across the full disk cross section. In cer- 
tain cases the material may not be sufficiently ductile to fully redistribute the loading, resulting in failure 
due to overstress of a local cross section. To ensure a local failure condition would not affect the burst 
margin, average tangential and radial stresses over the disk web and average radial stresses around the 
flange holes were also determined Referring to Table II, the limiting tensile loading in the disk for this 
design is the result of tangential stress. Little difference is observed between averaging over the full cross 
section or the web cross section. The predicted levels for the disk are substantially less than the 0.95 of 
tensile ultimate allowed by the criteria at 125% of maximum steady-state operating speed. The maximum 
average stress levels again occur in the airfoil hub. Referring to Table III, the design criteria require these 
average levels to be less than the tensile ultimate for the blade material at 125% of the maximum speed. 
The predicted levels satisfy these criteria. Ratioing the airfoil average stresses by the square of rotational 
speed, burst is calculated to occur ata speed corresponding to 183% of the maximum steady-state operat- 
ing speed. 


Due to the limited running requirements for the rig, a minimum acceptable low cycle fatigue life of 1000 
type 1 cycles (idle-maximum-idle) was established. The low cycle fatigue strength for AMS 4928 and 
AMS 5659 is shown in Figures 47 and 48 as a plot of cycles to crack initiation as a function of von Mises 
equivalent stress. For the airfoil, the life critical locations are in the hub fillet and along the leading edge. 
Stresses in the hub fillet were again determined through the application of a stress concentration factor of 
1.4 to the finite element results, rather than through direct calculation. Along the leading edge the effects 
of small body foreign object damage have been included through the application of a stress concentration 
factor of 2. Based on these equivalent stress levels, minimum fatigue life in excess of 1 million cycles can 
be expected. 


In addition to the stress results presented above, deflections were obtained from the finite element analy- 
sis. The predicted deflections in critical areas are shown in Figure 49. At the tip, the leading edge radial 
deflection of 0.020 in. was used to set the static clearance between the outer flow-path wall and the airfoil 
to preclude rubbing over the test speed range. At the pilot surface between the blisk and torque sleeve, 
the blisk was predicted to grow an additional 0.001 in. compared to the torque sleeve, due to the differ- 
ence in elastic modulus of the two materials employed. In order to ensure accurate centering of the blisk 
on the torque sleeve at speed, this differential growth must not be allowed to open the pilot. To accom- 
plish this, the mating pilot surfaces have been dimensioned to provide an interference fit at assembly. 
The predicted deflections were also used in an iterative procedure to determine the correct manufacturing 
coordinates to provide the intended aerodynamic shape at the design speed. The coordinates for the air- 
foil at static, 85% Ng, and Ng are tabulated in Appendix B. 
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Figure 48. Low cycle fatigue strength of AMS 5659 (17-4PH) at 70°F. 
4.1.2 Vibration Analysis 


Vibration analysis of the integral bladed disk was carried out to define potential areas of vibratory re- 
sponse and to ensure adequate high cycle fatigue strength was available to allow operation over the entire 
design speed range. Specific consideration was given to avoidance of flutter over the rig operational en- 
velope, placement of potential resonant conditions in speed ranges away from where substantial test time 
was to be accumulated, and satisfaction of minimum fatigue strength requirements over the entire bladed 
disk 


Natural frequencies of the bladed disk system were obtained from finite element analysis at a series of 
rotational speeds. The finite element model consisted of a single airfoil supported on a pie-shaped sector 
of the disk. The periodic structure of the system was retained through application of cyclic symmetry 
boundary conditions along the edges of the disk sector. The airfoil was represented by a mesh of 8-node 
meanline shell elements, while the disk was modeled with 20-node solid elements. For completeness, 
comparisons of natural frequency and mode shape were made between the full bladed disk model and a 
cantilevered airfoil model. This comparison indicated insignificant levels of disk participation in the vi- 
bratory modes. 


The results of the natural frequency analysis, in the form of a Campbell diagram, are presented in Figure 
50. Plots of the deflected mode shape and resulting vibratory stress distribution are found in Appendix F. 
The diagonal engine order lines represent the locus of excitation frequencies produced by flow asymme- 
try with wavelength corresponding to the order number. Low order excitation (i.e., 2,3, or 4EO) is typi- 
cally the result of inflow total pressure or temperature distortion. Allison development experience indi- 
cates the coincidence of the fundamental bending (1B) and torsion (1T) natural frequencies with second 
and third-engine order should be avoided in speed ranges where significant operational time will be 
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Figure 49. Predicted rotor radial deflections. 
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Figure 50. Campbell diagram of blade. 
67 


A: Idle 

B: Approach 

C: Full Power Takeoff 
D: Design 


interest. As finally accepted, it was possible to provide a 10% speed margin between 42EO and all modes 
except the 21st mode. Due to the relatively generous spacing between the rotor trailing edge and the sta- 
tor leading edge, a weak excitation should be present, resulting in a low level response. Based on rig 
testing of similar components with similar rotor-to-stator spacing, esponses of less than 10 ksi are antici- 
pated. 


A second area of major concern is the avoidance of flutter throughout the operational range of the rig. A 
combination of analytical and empirical methods have been developed at Allison for prediction of flutter 


fatigue data are based on unnotched specimens, k; =1.0. The fan des.gn possesses a minimum fatigue 
allowable stress of 16 ksi in the leading edge region, which satisfies the criteria, Figure 51. 


4.2 STATIC COMPONENTS 


The rig static structure is composed of a primary structural backbone connecting to the drive rig static 
force balance, a vane assembly composed of seven segments with six airfoils in each segment, and a series 
of spool segments forming the internal flow-path and nacelle outer profile. In order to isolate the acoustic 
effects of vane geometry, no separate structural frame is provided, forcing the vanes to become a load 
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specification, to provide the required strength and rigidity. The flo-v-path spool pieces are constructed of 
aluminum alloy, AMS 4127 (6061) in the T6 condition, to minimize »verhung weight. Weight reduction 
was a priority to minimize the 1g deflection at the blade track and t> facilitate handling during assembly. 
Additional outer flow-path pieces have been designed to adapt the rig to an existing bellmouth and vari- 
able area nozzle, allowing stage performance measurements to be acquired. To deal with the additional 
deflection resulting from the insertion of these pieces, provisions for external support have been pro- 
vided. 


4.2.1 Stress and Deflection Analysis 


Structural analysis was carried out for each of the vane configurations at two loading conditions. The first 
loading condition represents standard rig operation and consists o! the nacelle weight and aerodynamic 
loading generated on the vanes as they deswirl the rotor discharge flow. In the second condition, addi- 
tional aerodynamic loads are applied as a result of operating the nacelle at an angle of attack to the wind 
tunnel flow. Structural assessment criteria employed to evaluate the integrity of the static components 
followed standard Allison practice for nonflight applications. Specific consideration was given to tensile 
rupture, tensile yielding, creep, low cycle fatigue, and deflection resulting from nonaxisymmetric loading. 
Due to the limited life, research nature of the rig, no provisions for containment in the event of an airfoil 
failure were included in the design of the nacelle. For this reason, human proximity to the rig during op- 
eration should be avoided. 


All structural analysis was performed using the finite element method. A model composed of a 1/42 
sector of the entire static structure, corresponding to a single vane passage, was generated for each of the 
four vane configurations for analysis in the Allison proprietary FEM procedure, STRATA. The vane inner 
band was descretized using 20-node solid elements. Beam elemer:ts were employed to represent the in- 
ner band attachment bolts, inner band shear pin, and the attachment bolts in the outer flanges. The rest of 
the structure was modeled with 8-node meanline shell elements. The static structure attachment to 
ground was through two spring elements at the pilot surfaces representing the rig static balance stiffness. 


As previously mentioned, structural analysis of the rig was based on two loading conditions. Operation 
of the rig at an angle to the tunnel flow produces a nonaxisymmetric loading on the nacelle. Harmonic 
loading of the sector model was used to account for this asymmetry. As a result of the asymmetric load 
application, the stress and deflection patterns are also asymmetric. For nonsymmetric loading conditions, 
structural criteria are assessed at the worst location in the assembly. At the edges of the modeled sector, 
cyclic symmetric boundary conditions consistent with a split hoop are applied along the faces of the inner 
and outer bands. A secondary result of applying cyclic symmetry over a single vane passage width is 
that the model represents a structure with one bolt and one shear pin for each airfoil. This modeling inac- 
curacy will not affect the stress and deflection field away from the attachment points and was used to re- 
duce computer resource requirements. To assess the stresses in te shear pin and attachment bolts, it was 
assumed removal of the additional constraints results in an equa’ increase in load in the remaining mem- 
bers. This produces a factor of six increase in the section stresses in the shear pin and a factor of two in- 
crease in the bolt stresses. This approach is not entirely accurate, but the resulting stresses are so low that 
a more accurate approach was deemed unnecessary. The bolted flanges on the outer duct pieces away 
from the vanes were not represented in detail in the finite element model. Bending stresses in the flanges 
were determined by hand calculation. A conservative approach was taken, requiring a single flange seg- 
ment between two bolts to carry the entire nacelle bending moment due to angle of attack operation. 


The structural audit sheet (Table V) summarizes the results of the analysis relative to the design criteria. 
The primary structural concern for the static components is the c ccurrence of section yielding. Yielding is 
assessed using equivalent stress as defined by the Von Mises cri eria. Referring to Table V, the peak 
equivalent stress occurs in the baseline vane hub trailing edge filet when this vane is installed in the aft 
position, Figure 1b. This stress is 41% of the material yield, which satisfies the Allison criteria. As axial 
sweep is introduced, the peak stress levels decrease. This is a result of changes in the load transfer 
mechanism between the configurations. For the baseline vane, which has a radial stack axis, the nacelle 
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loading is reacted out by the vane in pure bending about an axis normal to the airfoil plan view. This re- 
sults in the majority of the load being transferred along the leading and trailing edge. As sweep is intro- 
duced, a portion of the nacelle load is transferred as tension parallel to the stack axis, similar to diagonal 
members in a truss. Since the section structural efficiency in tensile loading is greater than for bending, 
the resulting peak stress is reduced. 


Table VI shows the circumferential variation in peak stress due to the load asymmetry for each of the 
vane configurations. Also shown in the table is the maximum stress due to the normal aerodynamic de- 
swirl loads. Complete results of the stress analysis, in the form of isostress contour plots, is presented in 
Appendix G. Referring again to the audit sheet, the maximum stress in any of the flanges is found to be 
7.9 ksi. These flanges are retained with 34 fasteners with 0.190-in. diameter. Standard torque levels for 
these fasteners will be sufficient to prevent opening of the flanges. The stress levels shown for the fasten- 
ers on the vane inner band reflect the Allison design practice of preloading fasteners at bolted joints to 
80% of the material yield. In this application, the fastener stress is composed of 57 ksi due to preload and 
a 23 ksi bending stress from the vane loading. As in the rotating components, the design goal for low cy- 
cle fatigue life was 1000 type 1 cycles (minimum). Crack initiation is governed by local stress peaks; thus, 
the vane hub trailing edge fillet stress of 56 ksi will set the life potential for the static structure. The vanes 
are constructed from wrought 17-4PH stainless steel. Since the limiting stress occurs along an edge, a 
theoretical stress concentration of 3 is applied for life assessment to account for possible small object for- 
eign object damage in this area. Based on these assumptions, the predicted low cycle fatigue life is 66,000 
cycles. 


In addition to the stress field induced in the vane and nacelle structure, operation at angle of attack will 
produce a deflection of the casing relative to the blade tip. The design is intended to have a uniform 
running clearance of 0.020 in. at the design rotational speed. The casing deflection at the blade track due 
to the nacelle loads is tabulated for the various vane configurations in Table VII. A maximum radial de- 
flection of 0.006 in. is predicted and will occur in the swept and leaned configuration. Complete plotted 
results of the deflection analysis for both load conditions are presented in Appendix H. 


4.2.2 Vibration Analysis 


Vibration analysis of the static structure was carried out to define potential areas of vibratory response 
and ensure adequate high cycle fatigue strength was available to allow operation over the entire design 
speed range. Specific consideration was given to avoidance of flutter over the rig operational envelope, 
placement of potential resonant conditions in speed ranges away from critical test speeds, and satisfaction 
of minimum fatigue strength requirements over the entire structure. 


Natural frequencies of the static structure assembly were obtained from finite element analysis. A finite 
element model of a 1/42 sector of the structure was generated for each of the four vane configurations 
and for both the flight and performance measurement ducting arrangements. Above the third natural 
mode, deflections tend to isolate in the vane assembly. To reduce the computational requirements, a re- 
duced order finite element model representing the airfoil and vane outer and inner band was constructed 
to obtain these higher modes. Comparisons of the full system and reduced order models for a limited 
number of modes substantiated the accuracy of this approach. In the performance configuration, weight 
isolation for the inlet bellmouth and variable area nozzle will be provided. Based on the methods under 
consideration for providing this weight isolation, it was assumed they would not contribute to the system 
stiffness. The connection between Allison's static structure and the rig static force balance was simulated 
by springs at the pilot locations, with spring rates obtained from Boeing design documentation provided 
by NASA. Natural frequencies and mode shapes were calculated using the Allison finite element code, 
STRATA. Calculations of system response to unbalance were carried out using the Allison forced re- 
sponse code MODLRESP, running as a post-processor to STRATA. 
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Table VI. 
NASA scaled fan rig nacelle vane static stress summaries (All values Von Mises equivalent stresses [ksil). 


Vane 
Description Tip LE Tip TE Hub LE HubTE Bolt Shearpin 
Maximum stress due to vane loads 9.1 44.0 36.3 48.3 16.0 15.0 
Maximum stress due to vane + AOA loads + nacelle weight 
Vane 1, 90 deg 12.5 27.2 53.5 29.9 13.8 18.6 
Vane 6, ~135 deg 10.6 28.8 50.4 33.5 13.6 16.2 
Vane 11, ~180 deg 8.4 35.1 40.7 41.9 14.4 15.0 
Vane 17, ~225 deg 79 44.6 28.1 51.1 16.0 16.8 
Vane 22, 270 deg 8.0 48.8 ye BF 54.2 16.6 17.4 
Vane 27, ~315 deg 79 46.6 25.9 51.8 16.4 15.6 
Vane 32, ~0 deg 9.1 39.7 35.2 44.4 15.4 15.0 
Vane 38, ~45 deg 11.9 30.9 48.3 33.8 14.4 18.0 
Vane 
Description Tip LE Tip TE Hub LE HubTE Bolt Shearpin 
Maximum stress due to vane loads 8.8 43.2 32.7 48.6 17.8 14.4 
Max stress due to vane + AOA loads + nacelle weight 
Vane 1, 90 deg 12.4 25.8 48.6 29.2 16.6 19.2 
Vane 6, ~135 deg 11.1 26.6 46.7 31.8 16.4 16.8 
Vane 11, ~180 deg 9.2 33.1 37.9 40.3 16.8 13.8 
Vane 17, ~225 deg 7.7 44.0 24.7 52.0 18.0 15.6 
Vane 22, 270 deg 7.1 49.2 18.9 56.7 18.4 17.4 
Vane 27, ~315 deg 7.1 47.3 21.3 53.9 18.0 16.2 
Vane 32, ~-0 deg 8.5 40.0 30.5 45.2 17.4 16.2 
Vane 38, ~45 deg 11.4 30.3 43.1 33.8 16.8 19.2 
Vane 
Description Tip LE Tip TE Hub LE HubTE Bolt Shear pin 
Maximum stress due to vane loads 35.8 6.2 24.1 14.2 11.8 15.6 
Maximum stress due to vane + AOA loads + nacelle weight 
Vane 1, 90 deg 43.0 14.1 34.3 8.2 7.6 18.6 
Vane 6, ~135 deg 38.5 12.6 31.2 9:2 8.0 17.4 
Vane 11, ~180 deg 32.7 8.3 25.0 15.3 9.6 16.8 
Vane 17, ~225 deg 29.2 3.6 18.2 24.2 13.2 18.0 
Vane 22, 270 deg 29.5 3.6 16.4 26.2 15.4 18.6 
Vane 27, ~315 deg 32.0 3.7 19.2 22.8 14.2 16.2 
Vane 32, ~0 deg 36.7 pel 25.3 14.6 11.0 14.4 
Vane 38, ~45 deg 42.5 12.3 32.5 9.2 8.8 17.4 
Vane 
Description Tip LE Tip TE Hub LE HubTE Bolt Shear pin 
Maximum stress due to vane loads 32.8 11.7 74 46.5 14.4 16.2 
Maximum stress due to vane + AOA loads + nacelle weight 
Vane 1, 90 deg 24.0 2.8 7.2. Oo-4 3.4 18.0 
Vane 6, ~135 deg 30.1 — 13 3.0 37.0 4.6 16.8 
Vane 11, ~180 deg 36.1 8.4 5.4 43.8 12 17.4 
Vane 17, ~225 deg 37.5 16.3 14.4 49.3 20.4 6.6 
Vane 22, 270 deg 34.5 17.8 16.3 49.8 22.8 18.0 
Vane 27, ~315 deg 30.4 13.3 12.0 47.4 18.8 15.6 
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Description 
Vane 32, ~0 deg 
Vane 38, ~45 deg 


Notes: 


Table VI (cont) 


Tip LE 


26.0 
22.3 





LE HubT 
3.6 42.3 
3.5 35.1 





Bolt 
10.4 
3.0 


Shear pin 


16.2 
18.6 


All values are Von Mises equivalent stresses (ksi) 
O degrees is top dead center, with angle increasing counterc ockwise (aft looking forward) 


Ep 


Table VII. 


NASA scaled fan rig nacelle blade track deflection sumum ary (deflections in inches). 








Baseline vane Aft Vane 
Description Radial Tangential Axial Radial Tangential Axial 
Maximum deflection due to vane + AOA loads + weight 
Vane 1, 90 deg 4.260e-03 -7.030e-02 -5.620e-0'3 4.940e-03 -6.940e-02 -5,660e-03 
Vane 6, ~135 deg 3.350e-03 -7.310e-02 -6.820e-0°3 4.260e-03 -7.290e-02 -6.570e-03 
Vane 11, ~180 deg 6.120e-04  -7.470e-02 -1.010e-07: 1.220e-03 -7.500e-02 -9.510e-03 
Vane 17, ~225 deg -2.910e-03 -7.360e-02 -1.430e-02 -3.410e-03 -7.400e-02  -1.350e-02 
Vane 22, 270 deg ~4.190e-03  -7.080e-02 -1.580e-07 -5.290e-03  -7.050e-02 _ -1.500e-02 
Vane 27, ~315 deg -3.270e-03 -6.880e-02  -1.460e-07 -4.100e-03  -6.770e-02 —_-1.410e-02 
Vane 32, ~0 deg ~6.280e-04 -6.780e-02 -1.140e-02 -8.100e-04 -6.630e-02 -1.110e-02 
Vane 38,~45 deg 2.880e-03  -6.850e-02 -7.190e-02 3.230e-03 -6.720e-02 -7.240e-03 
Swept vane Swept and leaned vane 
Description Radial Tangential Axial Radial Tangential Axial 
Maximum deflection due to vane + AOA loads + weight 
Vane 1, 90 deg 3.420e-03 -5.820e-02 5-000e-02 5.740e-03 —_-1.710e-02 1.340e-03 
Vane 6, ~135 deg 3.170e-03 -6.100e-02 3.340e-03 4.850e-03 -2.120e-02 -1.100e-03 
Vane 11, ~180 deg 6.240e-04 -6.250e-02 -7.120e-04 1.295e-03 -2.37le-02 -6.668e-03 
Vane 17, ~225 deg -2.960e-03 -6.140e-02 -5.620e-03 -3.890e-03 -2.240e-02 —_-1.320e-02 
Vane 22, 270 deg ~4.220e-03 -5.850e-02  -7.200e-03 -5.990e-03  -1.860e-02 _-1.510e-02 
Vane 27, ~315 deg -3.010e-03  -5.690e-02  -5.540e-03 -4.720e-03 -1.610e-02—_-1.270e-02 
Vane 32, ~0 deg -2.790e-04 -5.620e-02 —_-1.530e-03 -1.010e-03 -1.460e-02 _-7.160e-03 
Vane 38, ~45 deg 2.820e-03 -5.690e-02 3.390e-03  3.730e-03 —_-1.500e-02 -6.390e-04 


ee 


The results of the natural frequency analysis of the full system, in the form of a Campbell diagram, are 
presented for the four vane configurations in Figures 52 through 55. Coincidence of the natural frequen- 
cies of these modes with first engine order (1EO) was of primary concern, since residual rotor unbalance 


load applied in phase at the static structure support pilot surfaces. A damping of 6.3% (log decrement) 
was assumed, a conservative assumption based on Allison experience. The resulting blade track deflec- 
tions for the pitch mode, which is the most sensitive to excitation, is prvsented in Figure 56. 
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Figure 52. Campbell diagram for baseline vane in acoustic testing setup — assembly modes. 
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Figure 53. Campbell diagram for aft vane in acoustic testi tg Setup — assembly modes. 
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Figure 54. Campbell diagram for swept vane in acoustic testing setup — assembly modes. 
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Figure 55. Campbell diagram for swept and leaned vane in acoust c testing setup — assembly mode. 
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Figure 56. Blade track radia] deflection versus fan unbalance — pitch mode of acoustic testing setup. 
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Accounting for the 0.005 in. (worst case) of static deflection occuring during angle of attack operation, a 
minimum unbalance of 4 in.-Ib would be required to produce a rubting condition for this mode. This 
level is two orders of magnitude larger than Allison balance requirements for hardware of this size. 
When configured in the performance mode, only one mode, labeled fore and aft in the Campbell diagram, 
coincides with 1EO within the steady speed range, Figures 57 through 60. A response calculation showed 
a residual unbalance greater than 10 in.-lb would be required to produce rubbing in this instance (Figure 
61). The Campbell diagrams for the higher frequency modes, involving motion of only the vanes, are pre- 
sented in Figures 62, 63, and 64 and correspond to the four test configurations. Since these modes involve 
vibration of only the vane segments, the results are independent of the nacelle configuration and do not 
change when the radially stacked airfoil is moved into the aft position. Since the rotor contains 18 blades, 
the primary concern for resonant vibration is the placement of the 1#EO coincidences with the natural 
modes. Allison experience with fixed geometry vanes indicates rescnant excitation of the fundamental 
bending, or 1B, mode should be avoided in the steady-state speed range. For all configurations, 1B-18EO 
resonance occurs well below the test speed range. This resonance sf.ould impose no restrictions on the 
test program. Three other modes are predicted to encounter resonant excitation within the steady-state _ 
speed range. The fundamental torsion (1T) and second bending (2B) modes exhibit a coincidence with 
18EO at part speed conditions. For both of these modes at least a 15% speed margin exists between the 
resonant speed and the speeds at which the primary acoustic data will be acquired. Should an unexpect- 
edly high response be observed in either of these modes, a modifica‘ion to the test matrix to avoid the 
resonance can be implemented without compromising the test objectives. The second torsion (2T) mode 
of the vanes is also susceptible to an 18EO resonance. This resonance is predicted to occur approximately 
5% below the design speed for the two swept configurations and at <he design speed for the baseline con- 
figuration. Accurate prediction of aerodynamically induced resonant vibration levels remains beyond the 
state of the art. Review of recent Allison vane design experience rev eals a number of successful core 
compressor stages have similar occurrences. In these stages, the measured response of the second torsion 
mode has been uniformly low. Since the present rig employs a muca larger spacing between the rotor 
and stator than possible in a core stage, no unacceptable vibratory response of the 2T mode is expected 
and no attempt was made to change its natural frequency so as to avoid the 18EO resonance. Plots of the 
deflected mode shapes and resulting vibratory stress distributions are provided in Appendix I for the 
system modes and Appendix J for the vane modes. 


While a relatively rare occurrence for a vane, avoidance of flutter th-oughout the operational range must 
be ensured. Allison has developed an empirical criterion for flutter avoidance based on reduced fre- 
quency as described in the rotating components section. Empirical ‘imits for minimum acceptable values 
have been established at 0.2 for the fundamental bending mode and 0.6 for the fundamental torsion 
mode. The calculated reduced frequencies for the relevant modes for each of the vane configurations is 
presented in Table VIII. All configurations satisfy the requirements 
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Figure 57. Campbell diagram for baseline vane in performance calibration setup — assembly mode. 
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Figure 58. Campbell diagram for aft vane in performance calit ration setup — assembly mode. 
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Figure 59. Campbell diagram for swept vane in performance calibration setup — assembly mode. 
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Figure 60. Campbell diagram for swept and leaned vane in perfor nance calibration setup — assembly 
mode. 
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Figure 61. Blade track radial deflection versus fan unbalance — fore and aft mode of performance cali- 
bration setup. 
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Figure 62. Campbell diagram for baseline and aft vanes — airfoil modes. 
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Figure 63. Campbell diagram for swept vane — airfoil modes. 


87 


Frequency, kHz 
oe 


4 
a 





0 
A: 
B: 
C: 
D 


Design 


48 


18 Blades 
va 


. 


2T | | A 


—— 


nC 
| Z 3 4 5 6 7 8 9 10 J] 
Idie Rotor Speed. krpm 
Approach 


Full Power Takeoff 
TE96-1077 


Figure 64. Campbell diagram for swept and leaned vanes — airfoil modes. 
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A Goodman diagram for each of the four vane configurations 1s presented in Figures 65 through 68. As 
discussed in the rotating components section, Allison design criteria require the part be able to withstand 
a 15 ksi vibratory stress without experiencing a high cycle fatigue failure. This requirement must be sat- 
isfied at the location where the combination of mean stress and stress concentration effects (k,) is most 
restrictive. For all the vane configurations, the maximum mean stress occurs along an airfoil edge. At 
this location material data for a ky of 3.0 is used to allow for the possibility of foreign object damage. All 
vane configurations satisfy the criteria. 


aa 











Table VIII. 
Flutter parameter vane configurations. 
Configuration 1B-Hz 1T-Hz 75% chord Velocity - ft/sec 1B (reduced) 1T (reduced) 
Baseline 820 1320 1.810 761 0.51 0.82 
Aft vane 820 1320 1.810 761 0.51 0.82 
Swept vane 619 1362 1.500 774 0.31 0.69 
Swept and leaned 636 1428 1.500 774 0.32 0.72 


>0.2 required >0.6 required 
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Figure 65. Goodman diagram for baseline vane. 
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Figure 66. Goodman diagram for 2ft vane. 
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Figure 67. Goodman diagram for Swe}'t vane. 
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Figure 68. Goodman diagram for swept and leaned vane. 
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APPENDIX A 


THE BASELINE LOW NOISE FAN: 
AERODYNAMIC DESIGN POINT 
BLADE AND VANE ELEMENT PERFORMANCE AND GEOMETRY OUTPUT 
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APPENDIX B 


LOW NOISE FAN CONFIGURATION NO. 2: 
AERODYNAMIC DESIGN POINT 
BLADE AND VANE ELEMENT PERFORMANCE AND GEOMETRY OUTPUT 
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APPENDIX C 


LOW NOISE FAN CONFIGURATION NO. 3: 
AERODYNAMIC DESIGN POINT 
BLADE AND VANE ELEMENT PERFORMANCE AND GEOMETRY OUTPUT 
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APPENDIX D 


LOW NOISE FAN CONFIGURATION NO. 4: 
AERODYNAMIC DESIGN POINT 
BLADE AND VANE ELEMENT PERFORMANCE AND GEOMETRY OUTPUT 
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STRUCTURAL ANALYSIS RESULTS ROTATING COMPONENTS 
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Figure A2: Mode Shape of Blade Mode 2 
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Figure A4: Mode Shape of Blade Mode 4 
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Figure A5: Mode Shape of Blade Mode 5 
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Figure A6: Mode Shape of Blade Mode 6 
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Figure A7: Mode Shape of Blade Mode 7 
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Figure A8: Mode Shape of Blade Mode 8 
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Figure A9: Mode Shape of Blade Mode 9 
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Figure Al0: Mode Shape of Blade Mode 10 
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Figure Al2: Node Line Plot of Blade Mode | - Suction Side 
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Figure Al4: Node Line Plot of Blade Mode 2 - Suction Side 
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Figure A15: Node Lane Plot of Blade Mode 3 - Pressure Side 
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Figure A16: Node Line Plot of Blade Mode 3 - Suction Side 
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Figure A18: Node Line Plot of Blade Mode 4 - Suction Side 
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Figure A20: Node Line Plot of Blade Mode 5 - Suction Side 
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Figure A22: Node Line Plot of Blade Mode 6 - Suction Side 
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Figure A24: Node Line Plot of Blade Mode 7 - Suction Side 
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| Figure A26: Node Line Plot of Blade Mode 8 - Suction Side 
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Figure A28: Node Line Plot of Blade Mode 9 - Suction Side 
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| Figure A29: Node Line Plot of Blade Mode 10 - Pressure Side 
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| A30: Node Line Plot of Blade Mode 10 - Suction Side 
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Figure A3]: Dynamic Suess Plot of Blade Mode 1 - Pressure Side 
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Figure A34: Dynamic Stress Plot of Blade Mode 2 - Suction Side 





z = YAGNNN JGON 
ESL'°S89 xX = AONANOAI 
€Ol/ 6 91:8€:71 = aLVG GNV BWIL LOTd 006° = qg1vos 
SSHULS DINVNAG IWdIONIUd WAWIXWN JO LO1d ANOLNOOD 
apis uoljyONs - a9peyq uBvy paeyeds VSWN AILIL 


—— eee ee 


x 
NAdd1H SALONA» 
re NIW 
00°001 KV » : \\\AN SS 
000! f ; = omen 
00°02 I f WR 
00 'O€ H | 2 = 
00 °0? 9 
00'0S 4 ~<f 
00°09 q 
00'OL q ON, 
00°08 9) 
00°06 q 
00 ‘001 Vv N 
I Sd 





282 


ee A35: Dynamic Stress Plot of Blade Mode 3 - Pressure Side 
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Figure A36: Dynamic Stress Plot of Blade Mode 3 - Suction Side — 
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Figure A38: Dynamic Stress Plot of Blade Mode 4 - Suction Side 
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Figure A39: Dynamic Stress Plot of Blade Mode 5 - Pressure Side 


COt/ 6 


S = YWHEGNNN ACON 


ZTEX'SOLI KX = AONANOAYS - 


SO:8e-dl = ALVG GNV ANIL LOTd 006S = HTVOS 


SSAULS DINVNAG IWdIONI Yd WNNIXVN JO LOTd YNOLNOO 


apis ainssoid - opeyq uejy PFTBIS VSVN ATLIL 
| 


x 


NAdqdqdiH SHLONAC « 


tt NIW « 
00 O01 XV « 
00°01 f 
00°02 I 

00 'O€ H 

00 OP ) 

00 OS A 
00°09 A 

00 OL d 
00°08 @) 

00 '06 | 

00 ‘O01 V 

I Sd 





287 


Figure A40: Dynamic Stress Plot of Blade Mode 5 - Suction Side 
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Figure A41: Dynamic Stress Plot of Blade Mode 6 - Pressure Side 
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Figure A42: Dynamic Stress Plot of Blade Mode 6 - Suction Side 
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. Pressure Side 


igure A43: Dynamic Suess Plot of Blade Mode 7 
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Figure A44: Dynamic Stress Plot of Blade Mode 7 





292 


Figure A45: Dynamic Suess Plot of Blade Mode 8 - Pressure Side 
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; A46: Dynamic Stress Plot of Blade Mode 8 - Suction Side 
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Pressure Side a 


Figure A47: Dynamic Suess Plot of Blade Mode 9 
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’ A48: Dynamic Stress Plot of Blade Mode 9 - Suction Side —— 
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(Figure A50: Dynamic Stress Plot of Blade Mode 10 - Suction Side 
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APPENDIX G 


STRESS ANALYSIS RESULTS STATIC STRUCTURE 


| Las avot 6€0/$6 E€O:°17:L1 = ALVG GNV AWIL LO1d 0660° = 91V0S 
SSHaYLS LNA IVAINOA WIXVINN SASIN NOA dO LOTd UNOLNOD 


$6/ 38/2 poaiepdna SpBO] OUBA :3UBA OUI Jaseq sm a1 I VSVN @ATLIL 
ZT 


NA3ddGIH SHLONAG « 
00° NIW « 
60 09 XVWA « 
00 °9 
00'S] 
00 PZ 
OO '€E 
00 Cr 
O00 TS 
00 09 
I Sm 
kee QNH0497 aes 





<a vUaAnnwo 


301 


| LAS avot 6€0/ $6 87 :77e-Li = G¥Lvd GNV SWIL LOTd 0001 ° = ¥31VOS 
SSHULS LNA TIVWAINOT TWIXVINN SHSIN NOA dO LOTd AYNOLNOO 
$6/ 8/72 parepdn speo] aueaA ;auea dul Taseq /M 313 VSVN JATLIL 


7 rn 


| aaa 


— 


ee 





| 
| 
NaqdIH SALONS + 


00 NIW 
60°09 XVI « 
00 °9 9 
00'S! 4 

00 "2 q 

OO ELE d 

00 CP 2) 

OOo IS q 
06°09 y 

I So 


++ GNSAD4F71 s**t 


302 


| | Las avot 6£0/S6 6S:€7:LI = 3LVG GNV AWIL LOTd OOE1' = 41VOS 
SSHULS LNA IVWAINOA IWIXVINA SASIW NOA dO LOTd YNOLNOY 
G$6/ 8/7 parepda speO] auea :auea our yaseq sm 311 VSVN ATLIL 


NAHGQGIH SHLONAC + 
00° NIW « 
60°09 XVW x 
00 °9 
00 St 
00 P72 
O0 Cf 
00 CYP 
OO IS 
00°09 
I So 
* * * GNSd0DOFT 


<muoawaO 


* 


* * 








303 


| LAS dvO'l 


* 


* 


C6/ 8/7 parepdn 


NH0d0dIH SHLONAC « 


00 

60 09 
00 °9 

O00 °S 4 
00 v2 
OO '£t 
00 CP 
O00 IS 
00 09 
I SH 


* 


CINHDST 


NIW « 
XVW «+ 


“<mUOun oO 


** * 


6¢t0/ $6 





72 -S7@-LI = aLVGd GNV SWI L LOTd OO! © = H1VOS 


SSHUYLS LNAIVAINOD IWIXVINN SAUSIN NOA dO LOTd YNOLNOD 
spvO] DUBA :9UBA DUE Jaseq /Mm B11 YSVN ATLIL 





ee re ee me he re eo 


304 


ee 


NA30dIH SHLONAC + 
00° NIW + 
60 09 XVW « 


i) 

S 

cn 

om) 
<nmnvuawnd 


1 Sn 
* + aN3d097 ** * 


¥LQJIS AWK PIVOD 


we = 








305 





NHddIH SHLONACs 
On ° NTA . 
60 09 XVA « 
00 9 
00 St 
00 re 
OO ££ 
00 Cr 
OO T'S 
00°09 


<ngvuawwo 


sea GQNI9917 aos 





306 


€ Las dvol 


$6/ 8/7 parepdn 


NHGGIH SHLO 


00 

68 L9 
00 'L 
00 Li 
00 Le 
OO LE 
O00 LP 
00 LS 
00 °L9 
I So 

** * 


aNa9471 


NAHd « 
NIW « 
XVW « 


“gmuAaAnwnwo 


* * 


6£€0/S6 ZO:7I él = g9LVd GNV AJWIL LOTd 0660 = 431TVOS 
SSHULS LNA IVAINOD WIXVINN SASIW NOA AO LOTd YNOLNOO 


(yySp om + VOY + 2UeA :aueA aur yaseq /M 314 VSWN ATLIL 
ers 





307 


¢€ LaS dvot 


* 


* 


$6/8/2% porepdn 


NA3qdqdrIH SHLO 
00° 
68 29 
00 °L 
O00 'L!I 
00 L272 
O00 LE 
O00 LP 
OO LS 
00°29 
I Sy 
« CUNH9498T 


Ndd « 
NIW « 
XVIN « 


<nmgvuawnnwnvo 


6€0/S6 92:°E€1 561 = HL1Vd GQNV AWIL LOTd 0001 © = H1VOS 
SSHYULS INA TVAINOA IWIXVINN SASIW NOA dO LO1d YNOLNOOD 


: 1431 aM + YOY + BUPA :oueRA 


aaa a 
| 


aur yaseq sm 811 YVSYN ATLIL 


A A I ee oe 


308 


€ LS davo'l 


+ 


c6/ 8/7 porepdna 


NaqaqitH SALONA + 
00° NIW « 
68 'L9 XV « 
O00 'L 9) 

Ooo Li 
00 LE 
Ooo Lt 
O00 LY 
00 LS 
00 'L9 

I So 

* * GNa04871 a et 


q_qmuoms 


6co1s6 Seivt:6t = alvd GNV WIL LO 1d Ootl- = a1VOS 


SSauLs IN IWAINO| IVWIXVINN SASIW NOA JO LOTd WNOLNOOD 
‘yyy om + VOV + FUEA SQUBA 


—— ae eee ees 


aur yaseq sm 814 WSWN ATLIL 





309 


= a a 


t Las avoy 6£0/S6 66:S1:61 = dLlva 


SSHUYLS INA IVAINO| 
$6/ 8/2 pairepdn “UST OM + YOY + daUeRa 


NAddIH SHLONAGs 


00° NIW « 
68 °“L9 XVAN « 
00 -L 9) 

OO 'LT d 

PO “Le a 

OO LE q 

O00 LP 2) 

OO '°LS d 

00 °L9 V 

I Sx 


* © % GQN4Dq7 at 


GQNV FNIL LOtd OOEI = 9 1VOS 
IWIXVINN SASIN NOA 4O 1074 YNOLNOD 
*OUBA OU [aseq sm 313 yoyn FTLIL 





310 


2¢’S 





** * 


WYDNO ? 


— 





NadGgIH SHLO 


68 L9 


00 LI 


— 


1 $o 
GNd99g'1 


NAC « 
NIW « 
XVI « 


<mUuUAwwo 


** 


311 





00 

68 149 
00 ‘2 
00 'L1 
00 22 
OO 'LE 
00 ‘LP 
O00 LS 
00 °L9 
I Sm 

xs 


QNH9497 


NH0GIH SALONA. 


NIW s 
XVW « 


“NUANWLO 


*¢ & 


312 


I 


Las dvol 


c6/ LOI 


NaddIH SdLO 


00 

ge 6S 
O00 '£ 

Oo Tl 
00°61 
00 Le 
O00 'St 
00 €V 
00 IS 
00 6% 
1 So 

eee CONAOFTT 


Nd « 
NIW 
XVWW « 


eamuamnonrt 


eet 


990/ $6 


10:80:91 = givad GNV SWIL LO 1d 
SSauLs LNA TIWAINOS IIXVINN 
speo], auea :auea 
a: 


_ 


—e 
-. 


0660 - = a1vOS 


SASIN NOA dO LO1d ANOLNOSD 


yye yw Bri WSWN ATLIL 


313 


ee ee 


| 


LAS advo 


* 


* 


S6/LO/E 


NHddGIH SHLONAds 


00 NIW 
8£ 6S XVW « 
OO 'E€ H 
O01 7 9) 
00 61 d 
00 'L2 a 
NOSE G 
00 -'€r ©) 
00 "1S d 
00 °6S Vv 

I Su 

* QNH9037 ket 


990/ $6 


I$ 80:9] = ALVG CNV JWIL LO1d 


SSHYLS LNA IWAINO| IVIXVINA SAISIN NOA 
SPpRO] JXuera sauta »yJe Ya 


Ne ee ome 


000 
AO 
Bt 


1° = H31VOS 
LOTd UNOLNOD 
VSVN 3TLIL 





ny ce ee a er 


314 


LAS dvo'l 990/56 05:60:91 = 9LvG GNV SWIL LOTd Oe an = 31VOS 


* 


* 


SSHULS LNA IVAINOA IWIXVINN SHSIW NOA dO LO1d UNOLNOD 
C6/ LOVE speo], guea :auvaA yye sm Bt YSVN ATLIL 


NA3ddIH SH LONAC « 
00 NIW 

8¢ 6S XVI « 
00 ¢ 

OO Tl 
00°61 
00 Le 
00 St 
O00 LP 
00 1$ 
00 °6S 


I Son A | 
* GQN394971 **% “tk 
bi 
{ 


vA 


Cmouawnwos 





315 


| Las avo 990/S$6 OF :O0I:'9T = ALVG GNV AWIL LO1d OOEI' = 41VOS 
SSHYLS LNA TVAINO”DT WIXVIND SASIN NOA AO LOTd YNOLNOD 
C6/ LOVE Sspeo[ uta aura iye /M Bts YSYN ATLIL 


NHQqdIH SHLONAC « 


00 NIW 
8£ 6S XVW + 
ON 'F H 
O00 TT D 
00 6! | 
00 22 q 
OO SE qd 
00 tr e) 
00 1S d 
00 6S Vv 

I So 


tee GQNd997 eee 





tL Er ee 


316 


NAadGGIH SALONA s 
00- NIW 
ge 6S XVW + 


So 

© 

Ww 

a) 
qmuanNnwoOt 

317 


1 So 
se GQNH9047 es 





Gq)8 BAY ?/VO? 


NIW 














NH0d1H SFILONAGs 


00 NIW 

8£ 6S XVW « 
00 '¢ H 

uu td D 

00 6] d 
00°42 4 

OO 'SE qd 

O00 '€r 1) 90 
OO ITS dq sz) 
00°65 V 

I Sm 


2E/S XBNNO? 


Las dvo7 990/S6 ZE:I7Z:LI = ALVG GNV AWIL LO1d 0660° = ¥1vos 

SSHULS LNA IVAINOA IVIXVINN SASIN NOA JO LOTd ANOLNOD 

C6/ LOVE $1y831 0M + YOY + JULA :oUrA YR s/M BLY YSVN ATLIL 
a, 


N3ddIH SALON. | 
00° NIW « 
78 89 XVI « 
00 8 
00 $I 
00°82 
O00 St 
00 '8F 
00 8S 
00°89 
I $x 
* * * CUN8H0371 ea 


<f£anvanu.d 


319 


t L248 advo 


G6/LO/ EC 
NHdCQGIH SH LONAC « 
00° NIW 
p8 39 X VIN « 
00 °8 9 
00 81 d 
00°82 | 
O00 Set d 
00 8 @) 
00 8S q 
uu 8Y Vv 
[| So 
kee QNAD¢F71 ** % 


re ce a LT TR LL 


990/ $6 


TC ST LI = HLVG GNV FWIL LOTd 


0001 = H1VOS 


SSHULS LNA TIVAINODT WIXVINN SASIW NOA SO LOTd ANOLNOD 


!1y31 om + YOV + OucA 


qT 
| 


-SUBA 





rye ¢M Bt YVSYN JBTILIL 


320 


t L9d9S dvot 


* 


* 


S6/ LO/E 


NH0GIH SHLONAC « 


00 

y8 89 
00 8 
00 81 
00 82 
00 Set 
00 '8F 
00 8S 
00°89 
I So 
* ONH04971 


NIW « 
X VIN « 
) 


f“anavuAawnu 


* * ¢ 


990/ $6 


Tt -¢e-ci = H1LVd GNV AWIL LOTd 


OOtT © = aTVOS 


SSHYLS LNAI IVAINOA IIXVINON SASIN NOA AO LOId YNOLNOD 
tye /M Btl VSVN BTLIL 


'1Y3t an + YOV + BUPA 


fom 
3 


~-9UBA 





321 


= 


LIS dvol 


% 


x 


S6/LO/E 


NHdGIH SHLONAC + 


00 —- 

p38 89 
00 °8 

00 81 
00 82 
O00 '8E 
00 '8F 
00°85 
00°89 
I Sa 

* 


GQNdaD4gdT 


NIW « 
XVW « 


<muawnwo 


** & 


990/ $6 


TS :€e:Ll = 4ALVd GNV SWIL LOTd 


Odtl = 41VOS 


SSAULS LNA TIVAINOD IWIXVINN SASIN NOA SO LOTd ANOLNOOD 
- UTA 


[1yst om + YOY + JUBA 


rye gm B13 YVSYN ATLIL 





322 








IQS 


INV PIVO ? 


* * 


NH0d0IH SHLONAds 


00 

v8 89 
00 °8 
00 ‘81 
00°82 
00 '8¢t 
00 '8r 
00 ‘8S 
00°89 
I SH 
* QdN9I90F77 





| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
=f 
| 
| 
| 
| 
| 


NIW « 
XVW « 


<mvoAwLwYHO 


323 


a * 











NHGdIH SHLONAC « 


00 

¥8 89 
00 °8 
QO 8 I 
00°82 
00 '8¢ 
00 '8P 
00 8S 
00°89 
I Sn 

**¢*e OQONAORT 


ZBO’S =xaNNO? 


NIW « 

XVA »« 

) 

d 

q 

qd q 
e) fae) 
@ 

V 

ees 


| LAS dadvot 





* 


¢ 


Nad 
00 
09 
00 
00 


|S 


6/ 11/2 


GIH S4HLO 


“Ee 
‘OT 
“072 
“Of 
“OF 
“OS 
‘09 
“OL 


>| 
QNH9437 


po 
Po 


$VO/S6 6£:€0:'80 = FALVG GNV SWIL 1LOTd 0660 = 31VO$S 


SSHYLS LNA TVAINOA IWIXVINN SASIN NOA JO LOTd UNOLNOD 
paiepdn speoO}| auBba :dubeA dons sm BEI VYSVN ATLIL 
ni. 


N4Ad « 
NIW 
XVW « 





<moOAawnwyg 


*** 


325 


| | Las dvot 
C6/ 11/2 
| 


* 


NHqdIH SHLO 


00 
09 
00 
00 
00 
00 
00 
00 
UU 
I 


x * 


“CL 

“Ol 

“07 

"Ot 

‘OP 

0S 

‘09 
UL 

SH 

QN359471 


paiepdn 


N4d « 
NIW « 
XVW x 


“mvoamun0 


* * * 


Z2v0/S6 O1:?0:80 = 3LVG GNV SNIL LOld 0001 © = ATVOS 


SSHYLS LNAIVAINOD WIXVINN SOUISIN NOA JO LOTd YNOLNOO 
speO], aurea :ourta sidoms sm B14 VSVN ATLIL 


MO 


LR 
| - 





a 


326 


ek aia ete ca A I 


| Las dvotl 7Zv0/ $6 ge:7v0:80 = g1VG GNV SWIL LO1d OoCcl - = 9TVOS 
SSHULS LNA IWAINO IWIXWVINON SASIN NOA AO LOT1d INO LNOOD 
C6é/ 11/2 poairepda speo], dUbA ‘guva dans {mM 314 YVSVN S3TLIL 


NA0GGIH SALONA « 
00— NIW « 
09 ‘tL XVI « 
00 Q1 
00 ‘02 
00 Of 
00 OF 
00 °0S 
00°09 
00 OL 
1 So 
kk GNH0471 a** 


“¢muawn.eO 





327 


Re — Se ee 


LHS dvoy 


* 


S6/TI/2 parirepdn 


NHCGIH SHLONAd,s 
00° NIW « 
O09 '€L X VW 
00 ‘OI 
00°02 
OOO 6 
00 ‘Or 
00 0S 
00°09 
00°04 
Isym 
* * GQNH90497 x * 


“MNLAnNnLWO 


CVO/S6 vO:S0:80 = HdLVd GNV SWIL LOd OO0CI- = 4d1TVOS 


SSHYLS INF IWAINOD|W IVIXVINO SASIN NOA 4O Lod YNOLNOD 
SPCO] aurea 7:9 


UBRA 


idams ym 817 yVoyn ATLIL 





328 


” 


* 


Nad 
00° 


x 


Is 





qin SHLO 


a 
QNdH904F71 


Ndd + 
NIW 


329 


Tt 








a ee 








00 — 


eee QNADF7 


ICS XBANOD 





Nd « 





¢ Las avo 270/656 07:62:80 = ALVG ANV SWIL LOTd 0660— = 91VOS 
SSHULS LNA IVAINOS WIXVINN SASIN NOA JO LOTd INO LNOD 
C6/11/2 parepdn 1y3t om + SPBOT YOV + AURA FOUTA idoams ¢m B3t3 YSVN ATLIL 





NAdGGIH SHLONAC « | 
00 - NIW « 
18°88 XVI « 
00 OT 
00 02 
00 Ot 
00 OF 
00 0S 
00°09 
00 OL 
00°08 
1Sn 
eee ONAOTT x * * 


qmuawnot 





331 


¢ LHS Gvot TPO/ $6 €$ -672-80 = H1Vd GNV SWIL LOTd OO00T” = ATVOS 
SSHUYLS LNAI TVAINOT WIXVIND SASIW NOA JO LOTd YNOLNOD 
CS6/ 11/2 poitpdna U8} om + SPPOT YOV + OURA :outa dows sm B14 YVSVN ATLIL 


ny 


| — = ee eee ee oe 


a a 5 
AC see oe ~ —_- - 


——— 
oe 
— 


— 


N30q1H SHLONAC « See oes 
00° NIW « 

18 88 XVA + 

00 O01 
00 02 
00 Of 
00 OF 
00 0S 
00°09 


Cnavueawnwoxrz 


tee GNH94q7 *** 





332 


~~ re ee 


naan 


t 


LAS dvot 


* 


x 


S6/ 11/2 


poiepdn 


NdqdqdIH SHLONAC + 


00 
18 
00 
00 
00 
00 
00 
00 
00 
00 
I 


* 


"38 
‘OT 
‘072 
“Of 
“OP 
‘0S 
"09 
“OL 
‘08 
SD | 
GQN39487 


NIW « 
XVW +» 


<amgvOnnwor 


* 
* 
* 


CrO/S6 22:06:80 = 3LVG GNV AWIL LOTd 


OO0tT = ad 1VOS 


SSHYLS LNA IVAINOT WIXVINN SASINW NOA JO LOId UNOLNOD 


1y3] am + 


speo] VOV + aucaA 


- OUTTA 


\doms ¢m B13 VYSYN ATLIL 








333, 


em re a A me EEE coe oe ee ee eee 


t 


Las davo'’t 


* 


* 


C6/ 11/2 


NAHGdGIH SHALO 
00° 
18 88 
00 0! 
00 02 
00 Of 
n0 OP 
00 °0S 
00°09 
00 'OL 
00°08 
I So 
*« OND) 


poaiepdna 


N4Ad « 
NIW « 
X VA 


qmugagwunoOL 


ek * 


zp0/S6 66:06:80 = 3LVG GNV IWIL LOTd 


SSHULS LNA IWA 


14U31 OM + 


speo,t VOY + auetA 


>IURA 


Ooecl | 


= 4a1VO$ 


INO” IWIXVINN SASIW NOA dO LO1Td UNOLNOOD 
,d ams 


pa S315 YVSVN ATLIL 








334 





00 


00 
I 


** 8 





[18° 
00° 
00— 
00° 
00° 
00 
00 - 
00° 


‘08 
SH 


QN4H9487T 


BIS ak DINVOD 





® a 
ry 


= AGE Sn 





NH3QdCIH SHLONAC s 


NIW « 
XVW « 


“mvawwort 


335 











* *% 


AGI S XBANOP 


A re 
———__ 


NHQ0GIH SHYLONAC « 
: NIW « 
XVW + 


00 

18 88 
00 01 
VU UC 
00 'O€ 
00 OF 
00 OS 
00°09 
00 ‘OL 
00°08 
1 Sm 
* QNH9437 





“mO0Onmanue xz 


* * 


336 


LAS dVO'T ; ~v0/ $6 €1:07:L0 = 3LVd GNV SWIL LOTd 0660— = 31VOS 
SSHULS LNA TVAINOA WIXVIND SISIW NOA JO LOId YNOLNOOD 
S6/ 11/2 paiepdn spBO, auevA :aUueA PIRUbd]| F idoms s;M B11 YSVN JFTLIL 


ar, 
ce ee | 


NS30GGIH SALONA + 


00 NIW x 
SO LL XVW 
00 OI 9 

00 07¢ d 

00 'O£ q 

00 OF dq 

gg 'os 2) 
00°09 q 

00 OL V 

I So 


kat GN8H0481 * % * 


ee A TE SSA RT SS RUE TITS R$ § RS ane are 


337 








LAS dvot 


S6/ 11/7 pairepdny 
NHGdIH SALONA s 
00 . NIW 
COLL XVIN « 
00 'OI 9) 
00'02 i 

00 'O€ q 

00 ‘OF qd 

00 'OS 2) 
00°09 dq 

00 ‘OL V 
1S 

* GUNIO8T eas 


ChO0/S6 61:Iv:L0 = ALVA GNV AWIL LOVd O00T ” = ATVOS 


SSHYLS LNA IVAINO’T WIXVINN SASIW NOA 4O LOTd UNOLNOD 
SPBOT aUBA -oOUrA Paucdoy YP idoMms sm Ftd WoVN ATLIL 


sy 





338 


I LAS advo 


* 





* 


C6/ 11/2 


paiepdn 


Na3qqgiIH SHLONAC + 


00 

SO LL 
00 O01 
00 02 
00 Ot 
00 08 
00 0S 
00 09 
00 O02 
SD | 
* 


QNda04d7 


NIW « 
X VA « 


<mvuAaAwnuoO 


tvO/ $6 


8S:Ip:Ld 


ALVG GQNV SAWIL LOTd 


00S 1— = daTVOS 


SSHULS LNA IVAINOA IWIXVINN SASIN NOA dO LOTd YNOLNOO 
ja 313 VSVYN JATLIL 


SpeoO | 


QUBA 


-IUBA 


poauctd | 


8 


+d am Ss 





ee pg 2 


339 


I LAS dvot CvO/ $6 S£:2¢:L0 = H91V0 GNV AWIL LOdd O01 ° = H41VOS 
SSduLlS LNA IVAINOT AWIXVIND SASIW NOA JO LOTd UNOLNOD 
C6/ 11/2 pairepdn SpBOT suBA FauUBRA PduraT, y adams /® 814 VYSVN ATLIL 


NH0GIH SaLONads 
00° NIW « 
SO'LL X VA 
00°01 
00°02 
00 '0O¢ 
00 ‘OF 
00 '0S 
00°09 
00 'OL 
I Sm 
* * * GQNSADgT kee 


HCmavawno 





340 





per, 
Af) 


—_: A 














| 
| 
| 
| 





NHYGQGI1H SHI LONAGs 
NIW ¢ 
X VA 


00 


**2 ONADOFTT 


“agvuawnno 


oS A re ae na ng 


341 





N30dqdIH SHLONAG « 


00 NIW « 
SO LL XVI 
00 01 Do 
00 02 4 
00 0 q 
00 OF dG 
00 0S J 
d 
Vv 


342 


00 OL 
\ 1 SH 
eo QN3D4O7 a 


| 

| 

| 

| 

| 

| 

| 

| 

| 

| | | 00°09 
) | 
| 

| 

| 

| 

| 

| 

| 

| 

| 





t Las dvot 


*x 





S6/ 11/2 


NHCdGIH SALONA « 





00 
O1'¢8 
00 ‘01 
00 '0¢ 
00 Of 
00 OF 
00 0S 
00°09 
00 OL 
00°08 
I Sn 

+ * 


QNH043871 





CvO0/S6 8€:S1°'60 = 3LVG GNV SWIL LOTd 0660 ° = 41VOS 

SSduULS LNA TVAINOD IWIXVINN SASIW NOA dO LOTd YNOLNOD 

paiepdn 1YB_ OM + YVOV + OUBA :aUbA pourra], y I1dams sm B14 VSVN ATLIL 
Dene es 


NIW « 
XVI 





<“<avuewnnvort 


** 





343 


LAS avo 


S6/ 11/2 


Zp0/S6 $b:91'60 = ALVG GNV SWIL LOTd 0001 | = 41VOS 
SSHULS LNA IVAINOA IWIXVINA SASIN NOA dO LOTd ANOLNOO 


poirepdn 1U31 9M + YOW + OUBA :9uULA pouedsy FP Iddms fm Bis VSYN FATLIL 


NOE 
| pee ae 


Sf 


NAJGGIH SHLONAG s 


00 

OI '¢8 
00 O01 
00 072 
00 0¢ 
0. OF 
00 0% 
00°09 
00 OL 
00°08 
I So 


* * 


GQNS04qd7 


NIW « 
XVW + 


favueaunnonk 


* * * 


344 


t LAS dvoTt 


ree 


S6/1t/z@ 


poisepdn 


NAH0dGIH SALONA + 


O1'€8 
00 '01 
00°07 
00 ‘O€ 
00°0P 
00°0S 
00°09 
00 'OL 
00°08 
>| 
tee GNADAT 


NIW « 
XVW « 


f£avaeamnuodon2#& 


$vO0/S6 Le:Lt:60 


SSHUYULS LNA TVAINOT IWIXVENN SASIN NOA SO LOTd UNOLNOD 
[OUBPA PIdURdIT[ ® 


14dt om + YOY + BUBA 


HLVd GNV AWIL LOTd 


1dam s 


OOS 1° 


jw B14 


= dTVOS 


VSVN STLIL 








345 


¢ LAS dVvOl Zv¥O/S6 16:81'60 = 32LVd GNV SWI L LO'ld OOET = 91VOS 
SSAULS LNA TVAINOT WIXVIND SAISIN NOA dO LOTd yNO LNOO 
C6/ 11/7 parepdn yst om + YOY + FUBA FoURA PRUCD] F idoms sm 3811 VSVN ATLIL 


NAJd0dGIH SHLONAC« 
00 — NIW « 
O11 '¢8 XVW 
00°07 
00 02 
00 '0¢ 
00 OF 
00 0S 
00°09 
00 OL 
00°08 
I So 
x * & GQNd0gd11 ee * 


<avounOt 








Pg 19 Cea eee ace 
wo 





NaqdGIH SHLO 


00 


e * 


Nid « 
NIW ¢ 
XVAW 


¢qmunawmnOonrt 


347 


00 

O1 '¢€8 
00 '0O! 
VU 02 
00 '0¢ 
00 OF 
00 '0S 
00°09 
00°04 
00 08 
I $x 

te 


GN9I0497 


NJQCGIH SHLONAd, 





¢9 
cr) 


APPENDIX H 


STATIC STRUCTURE DEFLECTION ANALYSIS RESULTS 





LHS avo 


$6/ 8/2 parepdn 


6£0/ $6 


OO-LI:ZLI = HLVd GNV AWIL LO1d OOP!’ = A TVOS 


Speoy auea 


> OUBA 


- —— ——— —_— rae ———— a —_ 





4dVHS GA3LOITSIG AO 1OTd 
aur yoasteq sm Btl VSVN ATLIL 








351 


ES A 


| 


Las advo 


66/8/77 parepda 


6£0/ $6 


LO:60:L1 = qlvd GNV SWIL LO'ld 


SPEO|[ BURA 





-QUBA 





OOrt: = 41VOS 
addVHS GgaLOaTAIG JO LOTd 
guy poseq sm 314 VSVN ATLIL 


352 


t Las avo'l 6€0/ $6 ¢¢:80:6I = qLvd ANV SWI L LO1Td OO0r!] - = a@1VOS 

adVHS daLloatsidGd do LO1Td 

, 66/8/72 poaiepdn ‘yy3pam + YVOV + JUBA -sueA auryroaseq /M™ 313 VSVN ATLIL 
oT Te 2S a 





| 
| 
: 


Pa 


353 


a eS 


t 


LOS avo 


$6/8/2% paiepdna 


6£0/ $6 Te OF -61 = 4LVd GNV SWIL LOdd 


-1U8; OM + YOY + aura 


-O9UBA 


OOSI’ = 41VOS 
4AdVHS GdaLDg7145G JO LOd 
our Taseq /M 3814 YSYN 4ATLIL 





354 


oe ee 





1 Las davot 990/$6 81:90:91 = aLVG GNV SWIL LOTd OOri” = F1VOS 
QdVHS GaLOaAITAIGd SO LOTd 
S6/ LOVE speoy, auea :oura aye sm Bt4 VSVYN ATLIL 


355 


| Las avo 990/56 81:40:91 = 4ALVGO AGNV SWIL LOTd OOP’ = 91VOS 
ddVHS GaLOa1S9qG AO 1LOTd 
C6/ LOVE speoy] Oued :ouRA T53t fH BIJ VSVN ATLIL 











356 


t 


Las avo 


C6/ LOE 


990/ $6 


qivd GNv SWIil LO Td OO! © = ATVOS 
ddVHS GaLOITAAG JO LOTd 


-sueva sfe 7 Bis VSVN ATLIL 


97:61 '°L1 = 


‘yy8ram + YVOV + 9UBA 


pace a 





357 


t LAS advo 


990/S$6 92:02:41 = 9¥L1VG GNV AWIL LO1d OOS I” = ATVOS 


HdVHS GALOITAIG AO LO1d 
je ym Bry yvovn gqary 


| S6/LO/E /IU8T OM + YOY + outa :OUBA 
| 





x 
wa 
Pie 
o> 
a 
wv 
ad 
Pe 
we 
we 
"r, 
Re | 7 
/ 
{ 
ere [Ss 
NON | 
NOON 
NON QMS 
L ne / 
aN “X 
\ Cen ie 
~ “7 a 
we Re: Q 
ae, ~“ } “4 
2 Tt Wide 
~~ 
art ae ge ae = = 
~ ae oe 
Ue a aes = ca 
| ~ <7 “ \ 
WY Ses \ 


a ea a ec bia tae lt Ri 


I Las dvo’l Zv0/ $6 60:20:80 = qivd GNV SWIL 1O1d Oo0rt = = 93TVOS 

AdVHS GaL0374d 9d 40 LO1Td 

S6/ 11/2 paiepdn speo] aueA :duUBA dams sm 814 VSVN ATLIL 
dl q 





359 


| 
| 
LAS advo 


S6/ 11/2 


po1epdn 


CrO/ $6 


pS :-70:80 


= H1IVd GNV SWI L LOTd 00S 1° = d1VOS 


SpBo] 


FUCA 


- 9UBA 


AdVHS GaLDR3149G SO LOd 
idoms sm 8113 YSVN ATLIL 





360 


3 


Las 


avo 


S6/11/C 


porepdn 


Zp0/S6 €S$':Lt:80 = qivd GNV 3SWIL LOTd 


1yY3t Wm + 


O0rt = ATVOS 


AdVHS GaL0ga1Kd9qa JO LO Td 


speo] VOV + JUBA LaUA idoms ;M B14 VSVN ATLIL 





ee 


i 


361 


2 7 
—— LT te me 


t 


LHS avoTt 


S6/ 11/2 


porepdn 


Cv0/S6 Let 


WYSr om + 


speoy vov + 


JUTA 


- JUBA 





‘80:80 = ALVG GNV AWIL LOTd O0PrI © 


HYdVHS GQALOAITAAC 
\doms ¢m Btu YWSWN 
wa 
bot 
os 
—- io 
we ae 
Ss 
os ae 
arene Sf 


= 3TVOS 
dO LOTd 
TLE L 


362 


| 


LAS avot 


S6/ 11/¢ 


paiepdn 


7vO/ $6 


00:LE:L0 


aLVd GNV SWIL 101d OOrl’ = aIvOS 
SdVHS G3a9L0371d9G AO LOlNd 
‘oguea pourdsy » dows 7M B14 VSVN FTLIEL 


ecm ee 





363 


LAS dvol 


S6/ 11/2 


paiepdn 


TvO/ S6 


ve: 8t : 


spBo | 


L0 


JUBA 


HYLVd AGNV AWIL LOTd 


-O9UBA 


poauea | 


9 


OOrl’ = g1VOSs 
YdVHS GaALIAITAIG JO 101d 
idams sm 8ts VSVYN ATLIL 








364 


re 





3 


LAS dvo'l 


S6/ 11/2 


paiepdn 


7v0/S6 OF:'7T1'60 = ALVG GNV SWI L LOTd 
AdVHS GaLOITAAG SO LOTd 


1481 0M + YOV + 2UBA :auUCA Paued| 


e 


1d am §S 


O01 © = d1VOS 


fe 811 YVSVWN 42TLIL 








365 


t LHS advo , CVO/S6 68:£1:60 = 3LVGC GNV AWIL LO1d OO09T ° = SAVOS 


H4dVHS GaLIATHAAG dO LO1d 
C6é/ 11/2 poaiepdn 1431 om + YOV + BUBBA :auUBA paouedl, ww dams /® 812 YVSYN @ILIL 





ne, 









366 


APPENDIX I 


RESULTS OF DYNAMIC ANALYSIS OF FULL NACELLE SYSTEM 


I 


LAS dvo'l 


00° = IHd I = YXENNN HAON 


0 = NUALLVd YOLOES 10°62 = RONANOAYS 

L07/$6 Lo:lLe:st = ALVG GNV HNIL Lod 0091° = 91voOs 

@dVHS AGON JO LOTd 

S6/ 1A Z auea aurjaseq ‘Kh,sse ayyaseu B11 uejy VSYN FATLIL 





369 


00° = IHd = YUHEAWNN HAGOW 


I = NoadLLVd YOLOES CB8L°6L = XAONANOAYSA 

€ LHS GVO’ LO@/S6 9F 6S :LI = H41Vd GQNV ANIL LO'Td 0091 ° = H1IVOS 
HAdVHS AGOWN dO LOTd 

S6/ 11/72 aueA auPyoseq :A,sse aypaoeu Bris uey VSVN ATLIL 





370 








Las avo’ 





00° "= |Hd z = WHANNN AGON 


0 = NUALLVd YOLOUS 60L er = AJONANODYS 

Lot $6 Oo¢'6e st = aLvVd GNV SNIL LOtd O09T © = AIVOS 

ddVHS dGON JO LO'ld 

a ae & ae suena auryaseq ‘h,sse FT Taoee 813 uejy VSVN JOTLIL 





37) 


I 


LHS dvo7t 


$6/ ¢1/ 2 





00° 
0 
LO@/ $6 


IHd 


= NYdLLVd YOLO|S 


BS Lr ici = 


oUBA 


I 
110 °672 


aLVd GNV ANIL LOTd 


je 


:A ,sse 


2yyoaoeu 


= YAEWNN ACOW 

= AONTNORYS 

0091 ° = F1IVOS 
AdVHS HAGOW dO LO1Td 
31s ues VSVN ATLIL 





372 


(4 


LAS dvot 


C6/ vie 





00° = ]Hd I = YHENNN ACON 


J = NUALLVd YOLOAS 1€9 18 = LONANOAY 


LOt/ $6 7%7:80°'81 = GLVG GNV BNIL LO'ld O09! © = ATVOS 


JdVHS HGON dO LO'ld 
guvca rye tkh,sse appyarey 813 uty VSVN ATLIL 





373 


00° = IHd Z = YAHNNN ACON 
0 = NYUALLVYd YOLDAS 786 °'9OF] = AONANOAYUS 


l LAS GVoO7 LOTt/ $6 6S 8h :Si - HLVG GNV BNIL Lotd 009] ° = 


F1VOS 
AdVHS HGOW JO Lod 
rye thA,sse atyaoeu 813 uey yoyn ATLIL 


S6/ 1/2 oUBA 





374 


00° = IHd I = YWHENNN ACON 


0 = NYdLLvd YOLOUS C79 TE = AONANOAY 

I Las dvo'l | LOtT/ $6 80:8P-LI = AaLVG GNV SWIL LO'ld 0091 - = d1VOS 
adVHS HQOW JO LO'ld 

S6/ 11/2 parepdn guea jdowms ‘h,sse ayp,aoeu Bris vey VSVN STLIL 








375 


(4 


LHS dadvo'l 


C6/ 11/7 parepdn 





00° 
=> NUPLLVd YOLOgS ZZ0 ‘OL 


LOZ/ $6 09 16:02 


QUBA 


= IHd I 


= HLVd GNV ANIL LOTd 


= YHEGNNN FACOW 
= AONANOAY 

OOrl' = @1VOS 
AdVHS S3GON JO LO'ld 


idams ‘A, sse ayyaoaeu 811 uej YVSVN AILIL 





376 





00° = [Hd (4 = YAENNN AACOW 


0 = NYALLVd YOLOFDS 7¥O0'99I = AONANOAYS 

| Las dvot LOZ/ $6 6¢:8b:Lt = 3LVG GNV GNIL LOTd 0091 ° = AlVOS 
AdVHS AGON JO LO'Td 

S6/ 11/7 parepdn auea jydams ‘!A4,sse ayppoaoeu B14 uey VSVN AILIL 





377 


l 


LAS GVO 


S6/ 11/7 parepdna 


00° 


0 


LOC/ $6 


gUBA 





= IHd I 
Naddlivd wOLOYS p09 OS 
Le:LPp-ci = ALVG CNV WNIL LOTd 


poauea, yw idoms 


‘A ,S$se 


ajjaoeu 


= YAGNNN SAGOWN 
= AONSNODYA 
0091 ° = 91VOS 


HdVHS YGOW dO LO'ld 


314 


UeJ VSVN ATLIL 





378 


4 


LAS dvo'l 


C6/ 11/2 


paj,epdn 


00 - 
| = 
LO@/ $6 


aUBA 


= [Hd 


NUdLLVd YOLOdS 
= aLVG GNV SNIL LOTd 


8r:ct OC 


pauedl *F 


1d am s 


‘A ,sse 


l 
TET IO 


appaoeu 


= YAGNNN ACGOW 
= RONANOTYS 
OO€l' = aTVOS 


AdVHS HQGON JO LO'ld 


314 


ues VSVN JITLIL 








379 


I 


LHS advo’) 


S6/ 11/7 paryepdn 


00° 
0 = 
LOC/ $6 


VUBA 


= IHd 


NYdgLLVd wOLOAS 


60 -8b-LI 


paueal 


dams 


‘Asse 


4 


= UYXENNN AAOW 


9pp izZi = AONANOAYY 
= HLVG GNV SWIL LO1d 


2yja2oeu 





Oost’ = H1VOS 
ddVHS JGOW dO LO1d 
313 ubey VSVN ATLIL 


380 


€ JL9S advo 


S6/SI/¢ 


JUBA 





00° = IHd I 
I = NYdLLVd YOLOS 6-46 61 
yL0O/ S6 le :82-Cl = HL1Vd GQNV AWIL LOTd 
sur yoaseq wm yoods ‘sul sym K sse daypypaoru 
US 
= 
“7 
“a 
ia 
Po 
ve 
“ 
i 
a 
KR a 
eo 





= YUFIGNNN ACOW 

= AONSNORYS 

080° = FIVOS 
3dVHS AGON JO LO1d 
Bis uty VSVN FTLIL 


381 


re LS I, 


LAS dvVOT 


C6/ SIs 


0 = NYdLLVd AOLOAS OL8 02 
pLQ/ $6 Or:Ol:til = Qivd CdNV FNIL LOTd 


QueA aut ;oseq w poods ‘jsut /M Kk .sse 


a, yoaoeu 


= YHENNN JCOW 

= AONANOSYS 

0€80° = 41VOS 
AdVHS dJGOW dO LOTd 
a} a uey VSVN ATLIL 





TIT 


382 


00° = IHd 4 = YUFEWNN ACOW 


0 = NYUALLVd YOLOUS Sic sol = AONANOTYS 

LAS davot plO/ $6 an ee On ee Sa = 4LVd GQNV SWIL LOTd 0280 - = H1VOS 
AdVHS SJQCOW dO LOld 

S6/SI1/€ QueA oul yaseq wm yoods ‘isur sm A, Sse aypyooeu Bis wey YVSYN ATLIL 








383 





| 00° = IHd v4 = YUsENNN AAGOW 


I = NYULLIVd WOLDS L69 O02 = AONAINOFTA 

@ JL3aS davot plLo/s6 oS :8t:tl = ql1LVd GNV SWIL LOTd 0¢80- = 9TVOS 
| AdVHS 3GCOW JO LO'ld 

CEy CLT E auea our yoaseq mw joods ‘jisur sm A. SSB D[paoru 313 uejy YVSYWN ATLIL 





re a ee a nee 


384 





00° = IHd I = WAaENWNN YACOW 


I = NYALIVd YOLOS — £05 02 = KONANOSUS 

2 Las advo 990/56 8bi6vi:ll = ALVA GNV AWIL LOTd O€80° = a1VOS 
ddVHS SJGON JO LOTd 

S6/ LOVE pura aye p poods ‘isur sm &,sse opyaoeu B13 ues WSWN BTL 


385 





Lassen 





I 


A Rt 


00° = IHd I = YAEWNNN ACGON 

0 = NYALLVd YOLOTS 9L8 02 = AONSNOFYS 

LAS dvot 090/S6 LO: Pre: II = 3LVd GNV JWIL LOId O0£80° = 43TVOS 
AdVHS HGON dO 101d 

S6/ 1O0/ € ouBA Je BM joods "‘3sur sym A Sse atpadeu S13 uey YSYN ATILIL 





se ee ee 8 A a A i youre NS A SOS ARAN a a ve Sse ee ee ee 


— 


386 





00— = IHd 4 = YAEGNNN JCGOW 





: 0 = NUYgdLivd YOLOAS ost 901 = JONANOAYS 

| L3S davot 090/ $6 L7:ee:tl = Z1Vd GNV SWIL LOTd 0780° = AWOS 

ddVHS dGOW do LO1d 

S6/ LOVE guea je w Joods ‘ysul 7M K.sse ayyooeu 3143 uejy VSWN ATLIL 
UA 
ee 
ee 
ge 
SS 

~S tm 
SS CO 
rss 





ee a ie a a oe 


(4 


LAS dvVOT 


$6/ 10/ ¢ 





00° 


J 


090/ $6 


JUBA 


,je wy 





foods 


80:-0S -1] 


= IHd 
Nada LlLlVd wOLOgS 


= HLVG GNV AWIL LO1d 


“ySul 


{mw KK sse 


z = YFENNN ACOW 
ypS8°S2Z = AONINOAYS 

0£80° = 31VOS 
AdVHS HGON JO LOTd 
9y,paoeu Fry uey VSVN ATWLIL 





388 





00° = IHd ] = YXHWNN JACOW 


I = NYdLLIVd WOLDS LLS ‘81 = AONNOAYS 

€ Las dvot VLO/S6 $H:SO'ST = FLVG GNV SWIL LO1Td O0£€80° = #TIVOS 
4dVHS HCON dO LOTd 

S6/SIVE oueaA dams yw joods ‘isur ym & ssp a, pooeu d'4 u®jy VWSVN ATLIL 





389 


Se 


cepa aah ec roasn papers lasses oanedeousie desea scacecoete 


LAS dadvot 


S6/SI1/t 


00° = J}Hd { = YAGNNN JAOW 
0 = NUSLLIVd WOLDS L98 72 = JONANOTYS 
pLO/S6 Of: heir = ALVG GNV SANIT L LOITd 0€80° = 31VOS 


AdVHS 3GOW dO LO'Td 
suena idoms Pw yoods “sur /M Asse oypooeu B11 uly VSVN ALLIAL 





i 


390 


00 © = IHd t = YHENWNN FJGON 


0 = NUYdLLVd YOLOAS 080 611 = AONANOAU 

I LS advo plLO/S6 60:S$¢t PFI = ¥1V0 GNV JWIL LOTd 0780 - = 91VOS 
adVHS SJGOW JO LOld 

SC6/SH/E guea idoms » jyoods "3Sut /M A,sse aptyooeu 813 uejy VSVN ATLIL 





——— =< 


391 


i x 
EG ee ees — 


LYS dvol 


S6/S1/¢ 








00— = IHd (4 = YHdENNN ACOW 


| 
| 

1 = NYdLLVd uOLOgsS 668 861 = AONaNOAYY 
| 


pL0/S6 @%E:90'SI = ALVG GNV JWIL LO1d O8L0° = ¥1VOS 
| FdVHS AGON JO LO1d 


auba jdams ” joods ‘jsut sm A Sse 29] f[osoeu Bits uejy YSYN ATLIL 





392 


(é 


i ee 


LaS avo’ 


S6/ SEE 


auUBA 


00 — = IHd I = YSENNN FAOW 
I = NYgdLLVd WOLOES 718 91 = AONTNOAAS 
plLOo/s6 OL:L7:Sl = aLVG GNV SWI L LOtd 0080— = AWOS 


poued, yw dows + yoods ‘}sut /M™ A ,sse 


adVHS aGOW dO LO'1d 
a,pooeu 813 uey VSVN ATLIL 





393 


LAS dvot 


S6/S1/¢ 





oUBA 


00° 
0 
bLO/ S6 


= THd I 


NUaLLVd YOLOAS S6L EE 


SIE-LS :¢l 


pauea, y» 1idams + foods 


= aLVG GNV OWIL LOTd: 


"ysur ym A Sse ayppaoeu 


= YUddNNN dAdOoW 


0080" 


AONINO@US 
= aIvVOS 


YdVHS HJQGON dO LO1d 
5 


UBS VSVN @ILIL 





A 


394 





00° = IHd z = YAGNNN AGON 

0 = NYdLLVd YOLOTS STL UTI = AONANOAYS 

1 Las avoT ypLO/S6 tO:8S:¢tl = ALVG GNV SWIL LOTd 0080" = 31VOS 
AadVHS JQGOW JO LOTd 

C6/S6¢1/¢£ auUBA PIUBDl[ YW 1d 9M § + joods "yS ul jw Asse 27, ,a2oeu aid uty YSYN ATLI L 





o ae 
~~ el 
we oI 


395 





LAS dvot PLO/S6 ZI:87:SI = 3L1Vd GNV JNIL LOTd 0080 ° = 2TVOS 
AdVHS 3CON AO LOTd 


00° = IHd rd = YFENNN YGCOW 
I = NYXLIVd YOLOAS t$Z 612 = AONANOAUS 

(4 
C6/SI/IE QuBA poued] » idoms + jpoods ‘ysur sm A, SSW apyaoeu B13 uey VSVN ATLIL 





396 


APPENDIX J 


RESULTS OF DYNAMIC ANALYSIS VANE MODES 


Z A 


00° = IHd I = YAENNN JACOW 
12 = NYaLLVd YOLOES 968 °618 = AONANOAY 
1 Las avot 690/66 Ltivs:9l = ALVd GNV FAIL LOld 0079" = 31VOS 
AdVHS 3GON dO LOTd 
Soi Oe puea ouryoseq :813 ues VSVN ATLIL 

| 

| 

x 





i 8 i 


a re 


399 


TOTTI ee em nn ss ee nee Stew mre 8 me ee ee ee pe ee ee ee 


A 


YAGNNAN FCON 
= AONANOAYS 
0079" = 31VOS 


4dVHS YdCOW JO LOTd 


| 
| Z 
| 
00° | = IHd z 
1z = NYGLLIVd YOLOAS 699 61¢1 
LAS advo 690/$6 8t:rS:91 = ALVA GNV AWIL LO1d 
S6/01/7E ! SUBA OUL }Iseq :31 45 
| | 
X 


UB) VSVN 3TLIL 





I 


400 


LAS GVO 


S6/O0%/¢t 


00° 
1? 


690/ $6 





lHd 


NYdaLLIVd YOLOYS 


OS: PS 91 = §3LVGO GNV SNIL LOTd 


JUBA 


aul 


YAEGNNN FJCGON 
S9S 19172 = AONANOAYS 
009° = A1VOS 
@dVHS AGOW dO LOTd 
:3r 4a uey VSVN FWLIL 
| 
| 


Xx 


rag) 
il 


jaseq 





401 


I 








fA A 


00° = JHd 7 = YGENNN JGON 
12 = NYXSLLVd YOLDAS 660 '€r92 = AONTNOTYSA 
L3S dvo7 690/S6 70:$$:91 = 39LVd GNV ANIL 1LO1d 00r9' = J1IVOS 
AadVHS JGQNWN dO LO‘1ld 
S6/O1/¢E aueaA our yTaseq :8143 uey YSYWN ATLIL 


x 





re re EP pp ee 


A A A A rr | te ep ure ree 


402 


I 


Las avo 


S6o/Ol/¢ 


Z A 
00° = IHd ¢ = YAEGNNN ZGON 
[Z = NYALLVd AYOLDOAS EvpL'‘'106E = AONANOAUS 

690/56 wvilis$:91 = 3LV0 GNV SNIL LOTd 00Pr9” = 31V9S 


adVHS JGON JO LOTd 
QuBea our yoaseq :8143 ube) VSVN ATLIL 


X 





403 





Zz A 


ea re 


00° = [Hd 9 = YAGNNN JCGON 
12 = NAYdLLVd YOLOAS OSL PEI = KONANOAYY 
1 Las advo’ 690/$6 S$2:S$$:91 = ¥LVG GNVY ANIL LOdd 009° = 9IVOS 


$6/0I/¢ 








adVHS ACOW JO LOTd 

QUBA JUL JOsSeq :313 UR) VSWN ATLIL 
| 
| 


x 





404 


00° = IHd L = YAGNWNN AGON 
1Z = NUdLLvd YOLOdS 688 SOPs = AONANOAYY 

I Las avo 690/66 9£€:5$:91 = 3LVd GNV SWI L LO1Vd 0079’ = ¥IVOS 
adVHS JGOW dO LOTd 

S6/O01/¢ guea ouryoseq :8)3 uey VSVN ATLIL 


X 





405 


| 
| 


LAS advo 


S6/O0T/ ¢ 


A 


Z A 
00° = IHd g = YFEWNN FACOW 
1Z = NYFGLLVd WOLDS SL6 Pls = AONTNOAYY 

690/$6 8b:SS:91 = JLVG GNV SWIL LOtd 00r9 ' = AIvos 


HdVHS HGOW dO LOtd 

ouUBA OU! [aseq :3143 ues VWSYN ATLIL 
| 
| 


xX 





Te eae ee el 


er ee ee ee eee: 


I LAS GVOT 


S6/O01/¢ 








Z A 


00 — = IHd 6 = YdEWNNN FCGON 
172 = NYaLLVd WOLOAS 00S OS8S$ = AONANOTYS 
690/ $6 6S :-S$$ :91 = 4LVd GNV FWIL LOTd 0079 ~ = 31VOS 


HadVHS FHGON dO LO'Td 


JUBA OUlLyoaseq :31 4 Uby YVSVN AVWLIL 


X 


ES a ET 


407 


ne 


] LAS advo 


SO/OTLE 





Z A 
00° | = IHd o1 = YdEWNN JFdOW 
12 = NYdLLVd YOLOAS ESL LSH9 = AONSNOTYS 

690/$6 @1:9S:91 = ¥lvd GNV SWIL LOTd 00%9" = a 1VOS 
! 


HdVHS HGOW dO LOT1d 

QUBA DUI Taseq :3'3 Ules} YSVN ATLIL 
| 
| 


X 








ie ree net a ee Se) ee i ee ed ee ee ee 


LR em = 


a ro} ee ee SO E 


408 


| Las 


davo'l 


S6/OF/¢t 


Z A 
00° = IHd { = YWHEGNNN JAGOW 
4 = NYALLVd WOLOdS 997 619 = JONANOAYS 

£0z7/S$6 £0:$0:81 = daLVd CONV JWI L LO1d OOIL’ = A IWOS 


FdVHS JGOW dO LOTld 
suena ydoms i813 UJ VSVN ATLIL 


| 
| 
| 
x 








409 


rer ewe ee 


LAS aAVOT 


S6/01/ ¢ 


Z A 
00°. . = IHd Z = YAENNN AGON 
12 = NYSLLVd YOLDAS LO6 'I19E€1 = AONANOFIUS 

L0¢@/S6 SIt:S0:81 = ALVG GNV AWIL LO1d OOI1L* = ga1vos 


ddVHS SJGON dO LOT1d 
oueBA dooms 3814 UBJ VSVN QAITLIL 





410 


ne 


l LAS avo 


(ein we he ee ee ee 


00° = [Hd € = YadWNN AGOW 
12 = NYgdLLivd WOLOAS SLO 'ZOLI = AQNANOAN 
LOZ/S6 e€t:$Or8l = qivd GNV 3WIL LOTd QOL’ = 91VOS 


AdVHS aAGON JO LO'ld 


Gor Olle suena jdaws i344 uey VSVN ATLEL 


| 
| 
| 
x 





ene 


411 


LAS dvoy 


S6/0I/¢ 


LOZ/ S6 


00° 
1Z 


we 


= IHd v = 
= NYFLLIVd WOLDS C70 6SS7% 
It -SO-8I =- HL1Vd GNV FWIL LOld 00! 


QUBA 





AdVHS 
dams :d¢a urvy 





YAaEGNNN ACGON 
= AINNOAYA 
L = dIvOS 
FGON JO LO1d 
VSVN 3TLIL 


412 


LAS Cavo'l 


| een SM ne tare ea a el 


Z A 
00° = IHd ¢ = YAEWNN JAGON 
12 = NUYdLLIVd HOLOAS OosS LOT = AONANOAAd 
L0z7/ $6 6€:50:81 = aLvad GNV SWI L LOTd OOIL = 31VOS 
AdVHS SGON dO LOTd 
S6LOLLE | suea idoms 813 uty VSWN ATLIL 
| 
| 
| 
x 





413 


a ee ee we ee eee eee 8, = = ne eS a ee I a ee wren ety TR sree ervey emt a es pee es TS SRG Ac hey? © GREE 2 nt tn ts te ree a Lk 


Z A 
00° = [Hd 9 = YAENNN JAGON 
rz = NYALLVd YOLOAS LIE ‘688¢ = XONANOAAS 

| Las avo © €OT/S6 BHFSO:8t = ALVA GNV ANIL LOTd O0TL = 931VOS 
| 4ddVHS JUGOW AO 1LOTd 
SOL OIE oueA dooms i315 UBy VSYN ATLIL 
| 
| 
| 


o_o. 





414 





LHS advo 


Mr AT EY TS LS = RS 


00° = IHd | L = YASWNN JOON 

1Z = NYALLIVd AOLOTS S8eE 100P = AONSNOAN 

LO7@/S6 LS:SO:8l = 3LVG GNV ANIL LOTd OOLL’ = a1VOS 

| ddVHS AGOW JO LOTd 

S6/ O1/ € ouea jdoms :d1s ue ly VSVN ATLIL 


| 
| 
| 
x 





re a 


ie ee ee ee eee 


415 


LHS avo 


GO/ OTL 


Z A 
00° | = IHd 8 = YAENNN FAGON 
1Z = NYGLLVd MOLOAS LOC v6sP = AONANOANA 

LOT/ $6 $9 :90-81 = 3LVdG (NV FWIL LOTd OOITL = 84TVOS 
| 


AadVHS 3JGOWN dO LOTd 
dueA ydomMS :813 UBJ YSYN ATLIL 


| 
| 
| 
x 





416 


+. me ee 


LAS avo 





Z 
00— = IHd 6 
[¢ = NaYaLIVd WOLO”S LL0 6S 


{ 


LO7t/ $6 pI :90-81 = dLVG GNV HANI L LOTd 


= AYTENNN ACON 
= AONANOAYNS 
OO1L* = 91V90S 


adVHS FJCON HO LOTd 


$6/01T/ ¢ duca ydoms :35 3 


ue) VSVN FATLIL 


| 
| 
| 
x 














417 


ae ee ee ee ee ee 


| Las avo 


S6/O0l/¢ 


Z A 
00° = [Hd OI = YUdEWNN ACOW 
12 = NY¥gSLiVvVd WOLIAS CLT 'EStO = AONSNOSYS 


OOTL * = H1VOS 
FadVHS FGOW dO LOTd 
guvaA dooms 3312 uey YVSYN ATLIL 


LOT/ $6 vl:9O:RI = ALVGU GNV BWIL LOTd 


| 
| 
| 
x 








a 6 ep we et i Sl a a inl 


i i we i nr ne rr ees es a 


418 


Mme ee ee 


LYS advot 


S6/01/¢ 


00° 
1? 
LO7Z/ $6 


Se ee ee eR ey ee me 


- Z A 

= [Hd I = YHEWNN FAGON 

= NUYdLLVd NYOLOAS L$Z@ 99 = AONTNOAYG 
8l-bO-8I = ALVG GNV SWIL Lod 009° = aIVOS 


| 3dVHS 3GON dO LO1d 
dooms id's uey VSYN ATLIL 


x 


DUTA paoued] » 


we “2 
” ae ie 
~ 7]. 
ne = ee 
P a | 
ad ~~. 
Jt : 
a7 ~ a 
v4 ™” 
te 
Pe 
/ ‘f 
FF ‘ 
dl a Sf 
Pa ra ae 
Yrs -, 
f 
ra 
He i 
we 7 
ye “4 
- vw 
for 
woe 
oe 7 
os 4 
2 # 
i ie 
es oe 
y a va a“ 
a i ~ 3 
i= . ae or 
eet gts ™ “ 
ee iia ~, a 
i a mA, = 
= =e “ 
~ > 
“ a 
eo ee 
oo. 
—_——— 


419 


LAS avo? 


ey a pe RRL PY = A SE - 


Zz A 


00° = IHd @ = YHdaNNN AGON 
1@ = NYdLLVd YOLOSS O87 87H = AONSNOTAS 
LO7Z/S$6 92:70 -81 = alvd GNV SWIL LOTd 0089 — = a1VOS$ 


FdVHS dGON dO LO1d 
S6/O01/¢€ dguva poueay] » 1doms iors uel WSVN FITLIL 


x 





ne ne en 


me rr ee 


ee 


420 





LAS advo 


i me I —— 





Zz A 


00° = [Hd € = YSENNN ACON 

1z = NYALLVd YOLOFUS ZO8 C991 = AONSNOAYS 

LOZ/S6 ve: vO:81 = ALVG GNV SNIL LOTd 0089" = g1vos 

AdVHS JdCOW dO LOTd 

S6/ O07 aura pouesyt, y rdoms :3r 1a uey VSVN ATLIL 


x 














9 


i i) A ee 


ae a Sn Sa 


421 


LAS avotl 


Z A 
00° = IHd v = YFTENNN JICON 
1z = NYALLVd YOLOTUS O87 'SPrsZ = KONENOAYY 

LO7Z/S$6 tb: rpO:8I = ALVG GNV SWIL LO1d 0089 ° = F1IVOS 


AdVHS JGOW 4O LOld 
S6/O17¢ SuRA paueary_ FY idoms :38'3s wey VSYN ATLIL 


x 











422 


Las advotd 


S6/0T1/¢ 


——— ne ee 


00 - 
1? 
LOZ/ $6 


NadaLlvd 
1S: 70-81 


= [Hd S 
YOLOAS pi9 LOOL 
= g¥lvd GNV SWIL LOTd 


auea pouca| ew idoms 7315 


= YAaEaWNN FCON 

= AONANOAAY 
0089" = 9T1VOS 
qdVHS 3GCON dO LOTd 
uejy VSVN ATLIL 


x 





ee ee er ee — ee -- ere 


ST 


er Oe eer ee ees ee oe ee 


®t 


we to 


423 


FIGURE 4s 


—_ 


Se ee ern, Jedkices pees iced, Gece FOS En at RE a gat ee eS tee 


00° = 1Hd 9 : = WHFaNNnN adon 
1Z = NYALLVWd WOLDS S98 C09 = AONANOAUS 
Las avo £07/S6 10:S0:81 = 3LVG GNVY ANIL LO1d 0089° = 31VOS 
! adVHS AGOWN 4O LO1d 
S6/ 01/7 ¢ | oUBA poucay] pm idoms :81 4 uey YSYN ATLIL 


x 





TO me mee 





LAS AVOT 


S6/01/¢ 





a ee eee ee ~~ - 


= iHd L 
= NYdLLVd wtOLOIYS 
60-$0:8! = alvad UNV JFWIL LO1d 


JURA poauecal] yw adoms 


= YAENNN SCOW 


179 'StOP = AONANOTYS 

0089" = ¥1VOS 
AdVHS JGON dO LOT1d 
:3ta uey VSVN JATLIL 


x 





425 





LHS advo’ 


Z A 


00° = IHd 8 = YXENNN AACON 

12 = NYFLLVd YOLOAS 789 198% = AONANOAYS 

LOt/S6 B8I:sSO:8I = 3LVG GNV SAWIL LOTd 0089' = gd1VOS 

3dVHS AGON JO LO1d 

S6/O1/¢€ oueaA poueasy, BP adoms :3t 4a ules VSVN ATLIL 


x 








4 
re er rer er ee 


A 


426 


ras a ae hae nee = a oe ee eee ee a bt aye eee rm i AE RN RL ey mre weeny ——eerwr ter 


FG UE -AS7 


4 A 


00° = IHd 6 = YAGNWNN FACOW 
1Z = NYILIVd WOLDS 6L6 ‘09S = AONENOTUS 
Las avo’ LOZ/ $6 l€@:$0:81 = ALVG GNV BWI LOTd 0089" = AIVOS 
AdVWHS HGOW dO LOT1d 
S6/ 01/8 QURA poubay FY dams :313 uey YSVN ATLIL 
he “ 7 eS 
rae / 
P eo z 
! x 
a Z 
ce va 
Fe / ate 
PA a mes 
iff as a“ Ra 
mage a 
ey OT oe ra 
7 
/ lf 
f ° oe 
Lf 








427 


i nt rr ne te a a RS NE RRS YF 





| 








LAS avo 


Z X 


00° = ITHd 0] = YAEGNNN JGOW 

lz = NYALLIVd YwOLOAS 609 109 = AONAINOTAS 

LOT/ $6 9¢:-SO-8I = 31VG CGNV JWI L LO1d 0089 ° = 4TVOS 

AadVHS 30GOQN dO LO'l1d 

S6/01/E aubeA poured, ym dooms :313 UBJ VSYVN ATLIL 


x 











EE em 


a SL Eo SS = 


428 


avo 


Ips 








Bm ee tee ted 


00° = IHd i = YXENNN aGOW 
[2 “ NYdLLVd YOLDas 968 ‘618 = XAONANO AYA 
690/56 €Z:9¢:9) = 4iVd GNV aNIL LOVd 0079" y= atvos 


ANVTd ONIMGIA OL ‘IVAYON ANI 4Y0ON dO LOdd 
a9JNssaid oUBA dul Jaseqg - dis uvy P2Ttos woyn ATLIL 





te ee 


429 


qvo'l 


00 - 


= IHd 


1@ = Nuadallvd YOLOAS 
690/ $6 00:8s ‘9 


apis uoryons 


ANV1d ONIMAIA Ol 1 


guea aul taseq 


ae we a ee —_ 


I 


968 '618 
= qivad GNV IIL LOTd 


VWNUON 
- rs uvy Pl 


rd 


0079 - 


<u cineca iene aM A ACTS 





YAGNNN AGON 
AONANO AYA 


= ATVOS 


ANI AGON dO LO1d 


eos WSWN ATLIL 





8 een 


430 


qvo7 


. 
: meee I OE TE ik Ea Tg a Resi Sse Ag, a td « 


apis 


00° = IHd Z = YHEWNN FAGOW 
ws = NYALLVd YOLDAS 699 '6I1EI = AONINOAYY 
690/S6 O£€:99:91 = givda anv ANIL LOTd 0079° y= AIVOS 


HNV‘Id ONIMAIA OL IWAWYON ANI'T FGON HO LOTd 


a9inssaid 9uUGA JUL [aseq - B14 UGS PITEIS YSVN ATLIL 





431 


qvo'l 


apts 





nr ee a 


spss et Sioie at ee 
00 - = IHd ¢ = YAEWNN AGOW 
17@ = NYdLLivd wOLOdS 699 61¢! = KONSNOAYS 
690/S6 LO:8S :91 = aLVG GNV SNIL LOTd 0079 = §31TVOS 
ANV 1d ONIMAIA OL IVNYON ANI 1 FGON HO LOTd 
puea aurypaseq - 81s ues payeos VSVN ATLIL 

x 


uo1 .oONsS 





432 


qavo’l 





00° 
17? 
690/ $6 


apis asinssasd 


NYaLLIVd YWOLOES 
6¢-9¢9 -91 


S3NV1Id ONIMAILA OL ‘TIVNYON ANI ‘1 HOON dO 


SUBA 





t = YHENNN HYGOW 
SOS I19T? = AONANOAS 
aLVqd GNV ANIL LOTd 0079" X= FATVOS 


LOT d 


atl] ubey payedss VWSVN JATLIL 


433 


qdvo'l 


apis 


00— = IHd t = YHENNN FACOW 


IZ = NYALLVd YOLOTS SOS 19172 = AKONANOAYS 
690/S$6 91:86:91 = A9LVG GNV ANIL LO1d 0079 ° = 91vos 
ANVId ONIMAIA OL IVWYON ANIT FJGON dO LOTd 
uoOT yONS OUBA OUT JOSBqQ - BIJ UBJ PITBIS YSWN ATLIL 
xX 














434 


qvo'l 





es ST 





00¢ = IHd 4 = YAEWNN SFGOW 


Ic = NYUALLVd YWOLOUS 660 £797 = AONANOAYA 


690/S6 Lv:9S:91 = ALVG GNV ANIL LOld 0079° x= ATVOS 


ANVId ONIMALA OL ‘IVWNYON JNIT AGON dO LOTd 
apis ainssoid gueA OUT yaseq - B13 UBY PITVIS YSVN ATLIL 


cee ee RE SR EL A I 


435 


dvV0O']l 














00 — , = IHd v = YHaNNN ACOW 


1Z = NYdaLLvd YOLOAS 660 €r9Z = AONANOAYS 
690/S$6 €2:8¢9:91 = FALVG GNV ANIL LOTd 0079 ° = a1vVOS 
ANVTId ONIMAIA OL TIVWNYON ANIT AGON dO LOT1d 
udI yONS ,; 9ULA QUEL {Iseq - Bits uey pITEXS YWSWN ATLIL 
7 x 





436 


qdvo’} 





00- = IHd S = YdENNN ACGOWN 


17? = NYHdLIVd AOLOAS CVL'IO6GE = AONANOAYRS 
690/ $6 9¢:9¢:9] = 4H4LVd GNV SNWNIL LOTd 00@9° x= ATVOS 
ANV'‘Td ONIMGZIA OL IWNYON ANI FGON AO LOTd 

d9jinssaid 9UBA OUL Jaseq - BI s uty payess Wsyn ATLIL 








437 


i ee 
me ee ee ee 





a A 


00° = IHd ¢ = YAGWNN JGOW 


17? = NYaLLVd AOLOUS EplL 106¢ = AONANODA 
GgvO7Tl 690/56 €£€:89:91 = dLlvd ANV ANIL LOTd 0079 © = 31VOS 
ANV1d ONIMAIA OL TWNYON ANI FGON JO LO‘Td 
apis uol1jons auea ouryaseq - 313 uvy poyeos WSVN FTLIL 
x 





ee oe ee 


i el, = 


ES TR 


438 


qvoO'l 





apis 


00 — = IHd 9 = YHEWNN ACOW 
I? = NYDLLVd YOLOUS OSL'vetly = AONANOAAA 
690/66 0:45:91 = ALVG GNV ANIL LOTd 0079° x= HTVOS 


ginssaid 





ANVId ONIMAIA OL TIVNYON SANIT AGON HO LO‘ld 
guea auryaseq - 313 uby payeds VSVN ATLIL 





ciate erg I SS — A A LT 


ee | Ee A 


439 


qavo'l 





Sg em ee 


00° = IHd 9 = YFEGNNN ACOW 
12 = NYaLLVd YOLOES OSL'VEIY = AONANOGYY 
690/S6 %r:89:91 = ¥lvVd GNV ANIL LOdd 0079 ° = AlVOS 
ANV’Id ONIMAIA OL TWNYON ANIT AGON SHO LOTd 
apis uotyons Q9UBA SUL Jaseq - BEI uby] payedss WSWN ATLIAL 
x 





te 


440 


00° = IHd L = YddNNN ACOW 


172 = NYFLLVd YOLOAS | 688 ‘SoPrs = AONANOAYY 

avo 690/S$6 SIt:lLS:91 = GLVG AGNV AWIL LO1d 0079° x= AIVOS 
ANVTd ONIMAIA OL ‘IWWYON ANI7 3GON dO LOTd 

apis dainssaid 9UUVA OUI | 9Stq = 313 UBJ poyTeos VSVN 4ATLIL 





——-—__-_- seer pry re ee i ee 


qvo'’l 


apis 


00— = 1Hd L = YASNWNN JAGOW 


17@ = NYALLVd YOLOHS 688 SOS = AONANOAYS 

690/56 1¢:8¢ -91 = ALVG GNV SNIL LOTd 0079 — = 31VOS 

ANVI1d ONIMGIA OL IVWNYUON JONI 1 FAGON AO LO'ld 

uot INS auBA oulLpaseq - B14 UBS PaTeIS VSVN JILIL 
x 





442 


qgvo'l 


00 - | = IHd 8 = YSEWNN JACOW 
1c = NYdLLVd YOLOAS ¢C6'PLSS = AONANOAYS 
690/66 St:lLS:9t = ALVG GNV BAIL LOld 0079° x= ATVOS 
ANV1d ONIMALA OL TWNYON ANI a3GON dO LO'ld 


apis ainssaid aguvA aulyastq - Bis uvy poyeos VSVN STLIL 





443 


00° = IHd 8 = YAGNIIN aU 


[Z = NYALLIVd wOLOdS SLO PLS = AONANOTYS 
qavo'l 690/ $6 10-69 :91 = HLVG GNV SAWNIL LOTd 0079 - = HTVOS 
ANVTId ONIMGAILA OL IVNYON SNIET SQCON HO LOT1d 
apis uot yons QuvA JUL yFaseq - Bis uvy PaTVdos YSVN ATLIL 
x 





a a oe Me 


— _ — —_ taal 





te ee er re ee em me ee em ee ee ee ee ee em a we eee ee ee eee 


qvo'l 


i 


00- = Hd 6 = YWAGWNN JAAGOW 

17 = NYALLVd YOLOAS 00s OS8S = KONANOAY 

690/ $6 cse:eg-9l = qgiva aNv SWIl LOTd 00Z9° x= ATVOS 

ANV1d ONIMAIA OL AVWUON ANI 1 S3GON HO LOTd 

apis ginssoid sneA out (estq = ola MSs pojeos VSVN AVLIL 





445 


avo 


A a ery 


nt prea SS A a eee emcee 


00° = IHd 6 = YFTGWNN aGON 
IZ =“ NYHALLVd YOLDAS 00S ‘OS8¢ = AONTNO AYA 
690/S$6 ZIl:6s:9; = HLVd GNV SWIL Lodg 0029 ° = ATVOS 


ANV‘Id ONIMAIA OL TWAWYON ANI AAGON dO LOTd 


eur yaseq - 813 uey P2IVIS VSVN ATLIL 
Xx 


9Ppls uorj3ons JURA 





. A oy or 


446 





advVO'l 


apis 


00- 
17? 
690/ $6 


ginssasd 


A I 


= IHd 0 | = YAEWNN AGOW 


NYaLLVd wOLOdS CSL LSI = AONANOAY 


9p-LS ‘9 


= 9Lvd GNV SWIL LO'ld 0079° x= ATVOS 
ANVId ONIMAILA OL TIVWNYON SNI7T SGON JO LOTd 
guvaA aul yaseq - B13 uty payeds VSVN AILIL 





447 


17-69 :91 


ee re ee er A eae init 


= IHd 01 = YUAENNN FACOW 
NYALLIVd YWOLOAS CSL LS9 = KONANOAYY 
= d3L1Vd GNV SWIL LO'ld 0079 ° = 43TVOS 
JNVTd ONIMAIA OL TIWNYON YANI‘T FJGON dO LOTd 


QUBA J9ULfaseq - Bisuey payweoas YWSYN ATLIL 
Xx 








448 


LAS el re A le ee I ee El A A A cc lL A ee Se ap a 


carrer 


00° = IHd i 
12 = NYALLVd YOLOYS 99¢b 619 
£07/$6 t%€:90:81 = aLVd GNV SNE L LO1d 
apis ainssaid guea dows - BI 4d uUvs 





= YAEWNN JCGOW 


= JONANOAYS 


0019 - = ATVOS 


ANV1d ONIMAIA OL TWNYON ANI d@agdON do LOTd 


ee a ee 


poyeos VSVN ATLIL 





449 





00° = IHd | = YAENNN ACOW 


12 = NYALLVd YOLOTS 99>b 619 = AONSNORYA 
LO@/ $6 Or :L0:81 = ALVG AGNV AWIL LOTd 0019 - = AH TVOS 
ANVTd ONIMAITA OL IVNYON SANIT SAHGON AO LOTd 

apls uoijy9ns : auvA jdoms - Bts uey PO2ELIS YVSVN ATLIL 





450 


a a ees a 


00° = IHd (4 = YaEGWNN ACOW 


1? = NYALLVd YWOLOUS L06 19¢1 = AONSNOAYS 
L07/S$6 L€:90:81 = AaLVd GNV SWI L LO1d O019- = 831VOS 
ANV1d ONIMAIA OL IWNYON SANIT AGON dO LO‘Td 

apis sinssoaid suta dams - B13 uvy payeos WSVN ATLIL 





451 





00° 
12 
LO?/ $6 


apis uot 


= NYdLLVd YOLOFS 


Grp:-LoO:81 


yYOnS 


= IHd (4 = YAEWNN JAGOW 
LO6 [9CI = AONANOAYUA 
= daLVGO GNV WIL LOT1d O019° = 3TVOS 
ANVTd ONIMGEZIA OL IWNYON YNIT SQGON dO LO'ld 

Quva dams - Bts uty POFEIS YWSYN BILIL 





a ee a ee mmm mm mm mmr re mrt a ee ae ae em ee ee ee 


452 


er A 


eens ee 





= YAaASWNN JAGOWN 


00° = IHd t 
1¢ = NYALLVd YOLOES SLO COLI = AONANOFYS 
LOz/ $6 $v:90:81 = ALVO GNV SWIL LOTd 0019 - = ATWOS 


ANVId ONIMAZLA OL TIVWWYON ANI aGON dO LOTd 


apis osnssaid suva ydeams - B11 uvy papers VSVN ATLIL 
| 





pe a wae ee 


453 


00° = IHd £ = YdaNNN FACOW 


Lz = NYALLVd YOLOAS CLO 'ZOLI = AONSNOYS 
LO7@/ $6 CS :LO0:81 = HJLVG QNV NIL LOTd 0019 ° = HIVOS 
ANV‘TId ONIMGZIA OL TVNYON SANIT S3GON HO LOTd 

apis uoljyons ouvA dams - 38143 uevy payedss ysyNn ATLIL 


| 
| 
| 
| 
| 
| 
| 
whe 


a 2) / 








454 





00° = IHd p = YJEWNN AGOW 
1z = NYALLVd YWOLOAS ZZ0 6962 = AONANOTYS 
L0Z7/6$6 06:90:81 = ALVG GNV AWIL LO'ld 0019" = A1VOS 


apis 


ginssaid 


ANV1d ONIMAGIA OL ‘IVWYON ANI 3GON dO LOTd 
guva jydoms - B13 uvy papeoas VYSVN ATLIL 








455 





00° = ITHd 4 = YAEGWNN ACOW 
17? = NUALLVd YOLOAS $70 6882 = AONANOAYS 
LOZ?/ $6 L¢:L0:8l = ALVG GNV AWIL LOTd 0019” = 4ATVOS 
ANVTd ONIMAIA OL TVWNYON SANIT HCON dO LOTd 
apis uol3yons auva jydoms - 313 uby PITVIOS YSYN ATLIL 





456 


apis 


iS i 


00° = JHd S = YadNNN AGOW 


12 = NYUdLivd YOLOAS oos LOI = AONANOAYS 
LO@t/ $6 £¢:90:81 = qaLvdad dNV ANIL Lod 0019 — = ¥T1VOS 
ANV ‘1d ONINALA OL IVWUON SNI1 AGON dO LO1d 

ginssaid suena dams - B13 uvys pajvos VSVN AILIL 


| 
| 
| 
| 
| 
| 
| 
X 













457 


00° = IHd S = YXENNN JGOW 

I? = NYdaLLVd YOLOGS © OOS 'LOIE = AONTNOWYY 
LO%/S6 €0:80:81 = AL¥Vd GNV AWIL LOdd 0019" = 4A1VOS 
ANV1Td ONIMJIA OL TIVNYON ANI‘ 3GON 4O LO ‘Td 

9Ppi Ss uol yons OUTA jdoms - Bry UCS PFICIS WOYN AqLIL 


| 
| 
| 
| 
| 
| 
| 





458 


si aie eS 


00° = [Hd 9 = WaEaWNN AGOW 
17 = NUBLLVd YOLOAS Lil 688¢t = AONANOdYd 
LO7@/ $6 co:Lo:8l = aLvd dNV FNL LOTd 0019 - = ATVOS 

| ANV 1d ONIMALA OL IWWUON AN11 daON JO LO1d 
apis sinssaid guva ydens - 313 uvtj payeods V¥ SVN AIVLIL 


| 


| 
| 
| 
| 
| 
| 
x 


an 








459 


a 


LOZ/ $6 


apis 


00° 
4 


ud! 


= NYdaLLVd YOLOgS 


= IHd 9 = YUAEWNNN AGOW 
LI!l‘688¢ = AONANOAYY 


60:80:81 = guvg GQNV ANIL Lod 0019 ° = 8 1VOs 


tons 


ANV‘Td ONIMGIA OL TIVWYON ANI YGON dO LOTd 
9UBA Jdoms - B13 uUus PI[lIS YoyN ATLIL 


| 
| 
| 
| 
| 
| 
| 





460 





a 


00- = J!Hd L = YaagWNNN ACOW 


1¢ = NUdLLIVd YOLOUS csc 100P = AONSNOAYS 
L0z7/S6 60:L0:8I = qivag GNV aWIL LOld 0019” = A1VOS 
ANV1d ONIMAZIA OL AVWUON JNI1 AGON dO LO‘Td 

apis ginssaid . suua ydoms - Bis UBy Payee VSVWN ATLIL 





461 


ire rr 


LO 


apis 


00° ; = IHd L = YHdANNN ACOW 


17 = NYALLVd YWOLDAS S8¢ “100P = AONANOAYA 
C/$6 91:80:81 = ALYVd GNV AWIL LOTd 0019" = 4A3TVOS 
ANV‘Td ONIMHIA OL TIVWWYON ANI1 3GON AO LOId 

uO! yONS oguea ydams - 814 uvy poyuos VSVN ATLIL 





a om ot om “+ a 


462 


00° = IHd 8 = YAGWNN JGOW 
1Z = NUALLVd YOLOTS LOE P68 = AONSNOAYA 
10z/$6 “LiilLo:st = aLVG GNV SWIL LO1d 0019" = g1VOS 
JNV1d ONIMALA OL TIWAYON JNI1 AGON dO LO‘1d 


apis ginssoid suena dons - Bis uvjy Papeos VSVN ATLIL 








463 


00° = IHd 8 = YHdHdWNNN ACOW 


17? = NYdLLVd YOLOdS LOL p68r = AONANOAYA 
LOZ/ $6 €7:-80:81 = aLVd GNV WIL LOI1d 0019" = 41VOS 
ANV1d ONIMAILA OL TWWYON ANI AGON SO LO1d 

9pts uorjyons. autA dems - B81 s uvy payeoas VSVN 4ATLIL 


Rat J. 
~ wee 
ae \ Lx 





i 








00° = IHd 6 = YAGWNN ACGOW 
12 = NYALLVd YOLOAS LLO'6RE£S = KONANOAYS 
L£0Z7/66 €2:L0:8!1 = A3ALVG GNV SWIL LOTd 0019" = aIvoS 


apis ginssaid 


nn ee ee ee ee ee $e en es ee 


ee re ee a es ee ee ee - 


ANVId ONIMSZIA OL TWAWYON ANI T AGON dO LOTd 
guua ydems - B13 uvy payedss YSWN JTLIL 





ee ee ee 


465 


aS rr as ce eee Sn Re ew — NE seers ta 


060° = IHd 6 = YdEdNNN ACGOW 


Iz = NYALLVd YOLOUS LLO‘6PES = AONSNOAY 
LO@/S6 t€:80:8t = HdVd GNV SWIL LOTd 0019" = a1IvVOS 
ANV1Td ONIMAILA OL TVWWUON SANIT AGON SO LOTd 

apts uOI VYONS SQUTBA }d ams - gi Uv J pojyeos VSVN JA TILIL 





xe 
b 
| 
1 


466 


YAaGNNN ZAOW 
CLC USES AONANO AUS 
qLvd GNV SWNIL LOTd 
ANV1d ONIMSIA OL AWYON J3NI1 dAGON 


- 91a uey payers VSVN ATLIL 


NUaLLVd YyOLOdS 
Oc :LO:8l 


g3nssaid 





i - 


467 


00° = IHd 01 = YddNNN ACGOW 





[? = NYdLlLVd wOLDAS SLZ ES ¢E9 = AONSNOYS 
LO?@/S6 8£€:80:81 = ALVG GNVY ANIL LOdd 0019" = dATVOS 
ANV‘Id ONIMAIA OL TVWNYON JANI AGON SO LO1d 

opis uoOlyoONs ouvA dooms - 3143 uey pajeos VSWN @ATLIL 





re ee ee a a a a a a eo-mnw- we 


468 


7 Tce 6 RAR oe Mie ea os eee ee oe ee eee eee eo oO ee tee ee ee ee eng ee ese 


00° = IHd | = YAEWNNN JAOW 

Lz = NUYALLVd YOLOTS L¢z°9€9 = AONANOAY 

O7 L0Z/S6 $¢:$0:81 = ALVG GNV SWIL LOTd 00¢69° = 9AIWVOS 
ANV1d ONIMAIA OL TVWYON ANI1 FGON dO LO'Td 

opis dg9inssaisd JUBA pa ueoa | od 1d aM S$ : 314 uv d popTeos V SVN ATLIL 








er ee ET A 


469 





= IHd 7 I 
NYALLVd YOLOAS 
ThE-20:81 = ALVG GNV JWI L LOTd 


LS@°9€£9 


= YAENNN ACGOW 
= KONANOAYS 
0059" = A1VOS 


ANVTId ONIMAIA OL TIVWYON SANIT SJGON JO LO1d 


314 


;dams - 


JURA poUva] w 





ue y 


P2I1TE9S VSVN ATLIL 


470 





apis 





00° = IHd (a = YUasaWNNN JAOW 
1? = NUYALLVd YOLOHS O87 8tPrl = AONANOTUS 


LOozw/ $6 7@$:$O0:8t = ALVG GNV AWIL LOld 00¢$9 - = 4a1VOS 
ANW1d ONIMALA OL TVNUON 4JN11 3GON dO LO'Td 


aginssaid auRA paural y ydoms - B14 uby paTeos VSVN ATLIL 


| 
| 
2 


as 


| 
| 





‘“ 


Seimei neem - 
at _ _ = JS 
a et ee ee ee 
- 


rr a ee ee et 


pare er ne 8 ee eS ee 


47) 


OT 


00° = |Hd Zz = YAGNNN JGON 
[Zz = NYALLVd YOLIAS —  O8tT 8TH = AONSNOFTYY 
LO07/S6 61:40:81 = ALVG AGNV BSWIL LOTd 00$9° = A1VOS 


ANVTd ONIMAILA OL TIVWYON JSNIT SJGON JO LO1d 





opis uoljyons oueA PpoUed|] PM dooms - Bis urvy PI[®I9S YWSVN ATLIL 
| 
| 
| 
| 
| 
) | er < 
fs 
{=o f 
Sik 
\ 
\ 
\ 
7 \ 
\ 
\ \ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
1 SAN. _ 
; a Se eee | 


LS ELDER ree hs ma wR A OO te an. Oe Sm A wee i ee ee ee ees eee © ee a ee 


472 


pa aa a 


had eh See eee 


00 - = IHd t = YASGNNN FAOW 


1@ = NUYALLVd YOLOAS zOs C99 = AONANOAYSA 
O'l L07/$6 00:90:81 * qivd GNV SWIL LOld 00¢9 = 31VOS 
ANVI1d ONIMGIA OL AVWUON ANI1T AGON dO LO‘Td 


. gprs asnssoid | 9UeA pours, ew wdoms - $13 ues popteos VSVN ATLIL 





473 


00 ' = IHd € = YXGWNN SJCOW 
1Z = NYALLVd YOLDAS © ZTO8 £99] = AONSTNOAYS 
O71 LO@/S6 L7:LO:8I = ALVG GNV AWIL LOdd 00¢9° = @1VOS 


ANVTd ONIMAIA OL TIWNYON ANI HGON dO LOT1d 
opis uorjyons oUBA poueay, wy dams - B12 ues payeos VSVN JAITLIL 





474 


O'1 


en en eee 


00 = IHd v = YWAaaWNN ACGOW 


1¢ = NUALLVd YOLOUS 987 SHS = AONSNOAYS 

LOZ@/ $6 £0:90:81 = H#1LVd GNV SWIL LOTd 00$9 - = F1VOS 

ANV1d ONIMGIA OL AVWUON ANI 1 FGON dO LO1d 

apis gainssaid guvA pouerd| F ydoms - B11 UBS payeos VSVN ATLIL 











475 


00° = [Hd v => MOoUWIIIN CuT.. 





[Zz = NYALLVd YOLOAS 987 'SPrSz = AONSNOAYS 
LO7T/S6 S€:LO0:8I = ALVG GNV AWIL LOId 00¢$9° = 3TVOS 
ANVId ONIMAZIA OL IWNYON SNIT AGON dO LOTd 


opis uot yzons QUBA poueadsy FY downs - Bis UOJ PILTPIS YSYN ATWLIL 





ew mn eo, ee ee re err re a ee ee ee 


476 





O'T 


00 ° = IHd S = YAGNNN FAGOW 
17? = NYALLVd YOLONS pig LOO’ = AONSNODYd 


Loz/s6 91:90'8T = aLvVd GNV SWI L LO1d 009° = aTVOS 
ANV1d DNIMGZIA OL IVAYON ANI 1 AGON dO LOTd 


apis gunssoid auUBA pouBval ¥F ydams - Sti ubj payeos WSVN AITLIL 





477 


OT 


00° = IHd S = YAEWNN AGOWN 
4 = NYgdLLvVd YOLOAS pI9 LOO’ = AONANOAYS 


LO@/S6 vr: :LO:8tI = ALVd GNV AWIL LOTd 00$9° = 4d TVOS 


ANVTd ONIMAIA OL TIVWWYON 43NI1 AGON JO LO'1d 
apis uoi-y9ons 9UTA PoUuBa], MP sdams - Bis uvy payeos VSVYN JILI L- 





478 


O'l 


apis 


00- = IHd 9 = YWAaGNNN ACOW 
17? = NYALLVd YOLONS cog '£O9E = AONANOAY 
£0Z7/S$6 vt:9078F * qivd GNV SWIL LOTd 00$9° = 31TVOS 
ANV1Id ONIMGZIA OL AVWYON SNI1 FGON JO LO‘l1d 


aginssoid gueaA poaureal| F jdams - 81s uey PaTeos VSVN JTILIL 
| | 





el pee a em ee ea we vem * 


CT ee 


4719 


00° = IHd 9 = YFEWNN JAGOWN 
[Zz = NYALLVd YOLOAS S98 “CODE = AONTNOAYY 
OT LO@/$6 2@8:L0:8l = ALVG GNV AWIL LOTd 00¢9° = aTVOS 
ANVTd ONIMALA OL IWNYON JNI1 3GON SO LO1d 

apis uot jy,oONS PUBA pouetsa | 4 Idams - 31 4 ue j poyperos ¥Y¥SVYN A ILI L 








480 





opis 


00° = IHd L = YAGWNN JFCOW 
LZ = NYALLWd WOLOAS 179 “S€OPr = AONSNOFYS 


LO?@/ $6 7£:90:81 = aLVG ONV SWI L LOld 00S 9 = Jd IVOS 
ANV1Id ONIMZIA OL TWWYON ANIT FGON AO LOTd 
ginssaid asUBA pouva] ym 31doms - B14 uey pralTeds VSWN BTWLIL 





eee ere. a ome ee ee A ct TT 


481 


O'] 


apis 


00° = IHd L = YUAENWNN ACGOW 
17 = NYUdLLVd YOLOdS 179 “StOP = AONANOSY 
L07/ $6 00:80:81 = 3LVG GNV SNIL LO'Td 0069" = a TIVOS 


ANVId ONIMAZLA OL IVWYON SNIT FGON AO LOTd 
313 


uo! . ONS QueaA poueay MP dooms - ues poayess YSVN ATLIL 








482 


LS I CL 


00 — = IHd 8 = YTGNNN AAGOW 
17? = NUDLLVd YOLOUS 789 198 = AONANOAYS 
LO@/ $6 1p :90:81 = 3LVd GNV SWIL LOTd 00$9— = 4aTVOS 


ANV1Id ONIMZIA OL IVWYON SNI7T JOON dO LO'Td 
apis asnssoid gues pours] Pe idoms - Bis uey payers VSVN ATLIL 


— 


ee ae 










euw ame ome WS am ne a ee 8 Loew ee me a ere ee a a re ee es ee omen ewe ee re 


483 


O'T 


00° = IHd 8 = YAGNNN AGOW 
Zz = NYALLVd YOLDAS Z89'198P = AONANDAYS 
LO@/ $6 O1:80:81 = ALVG GNV AWIL LO1d 00S9° = AIvos 


ANVTd ONIMGAILA OL TVWYON ANIT AJGON AO LOTd 
opis uorjqons oUBA posuBol, Ww sdams - B14 uUey PO9TEXS WSYN AILIL 





te i A Ss 


484 





O'T 


LO@/ $6 


00 - 
4 


= IHd 6 = YAGWNN ACOW 

= NUSLLVd YOLOAS 6L6 09S = AONSNOAYY 
16:90:81 = 3LVG GNV SWIL Lod 00¢69° = aTVOS 
INVId ONIMALA OL IWNYON JNI 17 JGON dO LOTd 


apis ginssaid guea poueodl yw dams - 313 uvy payeos VSVN ATLIL 


ee rn me a re RS 
- 





ES EET OR LS er ee et 


485 


O71 


00° = |[Hd 6 = Unauywaw 


ayere 
17 = NYGLLVd YOLOTS © 6L6 ‘09S = AONANOAYd 

L0@/S$6 61:80:81 = ALVG GNV SWIL LOTd 00S$9° = A IVOS 
ANVTd ONIMAITA OL TVWYON JANI 17 3GON AO LOTd 

apis uorjzons oUBA paues|] y sdoms - 313 ubyY paledss WSYN QILIL 





RR RT A A Rl ee yey ery Peppy 


486 


O'l 


apis 


00° 
1? 
LO?/ $6 


ginssaid 





= IHd Ol = YAAGWNN FICGOW 


NYUdLLVd YOLOAS 609 '1 P09 = KONINOAYS 
00:40:81 = 3LVd GNV SWIL LOTd 00¢9° = AWOS 


aUTA 


ANV1Id ONIMAIA OL IWWYON JNIT1 FJGON SO LO'Td 


pouss, wy w:doms - Bis uey papTeoss VSWN ATLIL 
| 


| 

| 

| 

1 | 
od 
ee 





487 


— 





00° = [Hd 0) = YAEWNN AUON 

Lz = NUALLVd YOLOAS 609 "1 P09 = AONANOAYY 

O71 LOZ/S6 O€:80:81 = ALVG GNV ANIL LOTd 0059 ° = 91VOS 
AINV Id ONIMAZIA OL IVWYON JANI7T SCON AO LOTd 

opis uo! yons auUBA PaUea | yw sidoms - B13 uey paTeos VSVN ATLIL 





488 


Appendix C: Dynamic Stress Contour Plots 
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